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In  tracing  the  progress  of  knowledge,  we   may 
frecjuently  observe  that  the  cultivation  of  paiticular 
branches  of  science  at  certain  periods  was   de- 
termined by  causes  which   had  little  connection 
with  their  intrinsic  utility.     Fashion,  caprice,  and 
the  authority  of  eminent  names,  govern  niankind 
in   philosophy  as  well   as  on  all   other   subjects. 
But,    independently  of  accidental   causes,   there 
are  leading  objects  in  the  universe,  which,  as  na- 
tions  advance  in  civilization,  seem  naturally  to 
direct  their  attention  to  certain  sciences  in  succes- 
sion.     The  brilliancy   of  the  sun,    moon,    and 
planets,   their  various    motions,    and  connection 
uiih  the  changing  seasons,  would  first  arrest  the 
attention  of  the  rude   philosopher;    nor  need  we 
wonder  that  he  soon  began  to  regard  them  as  en 
dowed  with  life  and  intelligence,  and  attributed  to 
them   a  mysterious   power   over  human   affairs: 
thus   the   heavenly   orbs    became  the   objects   oi 
religious  adoration ;  and  curiosity,  hope,  and  fear, 
lent  their  aid  to  the  early  cultivation  of  astronomy. 

Mathematics   and    mechanical    philosophy   are 

A  2  so 


IV  PRBFACtC  to 

SO  intimately  connected  with  astrononiy  and  the 
most  useful  arts,  that  they  naturally  claimed  the 
second  place  among  the  early  sciences. 

The  branches  of  philosophy  which  comprise  a 
knowledge  of  the  physical  qualities  of  matter,  or 
«uch  as  are  perceptible  by  the  senses,  follow  next ; 
and  at  a  later  period  chemical  philosophy,  or  that 
science  which  endeavours  to  ascertain  the  ele- 
inentary  substances  of  which  all  material  objects 
are  composed;  In  the  order  of  succession,  mine-^ 
ralogy  and  geology  are  the  last  of  the  natural 
scietices ;  for  though  an  acquaintance  with  the 
earth  is  more  important  to  man  than  a  knowledge 
of  the  distant  pai  ts  of  the  universe,  yet  previously 
to  the  cultivation  of  the  other  sciences,  and  of 
themlstry  in  particular,  our  knowledge  of  the 
mineral  kingdom  could  not  extend  much  beyond 
that  of  the  rudest  periods.  Thus  we  find  that 
notwithstanding  the  precious  metals,  and  many  of 
the  mineral  treasures  which  the  earth  contains, 
have  been  tlie  objects  of  insatiable  cupidity  in  every 
age,  yet,  till  the  present  day,  almost  all  that  was 
known  of  mineralogy  was  confined  to  uneducated 
Workini:  miners. 

In  looking  over  the  pages  of  history,  we  may 
observe  that  the  most  polished  nations  of  antiquity 
liad  scarcely  advanced  beyond  a  limited  acquaint- 
ance \\  ith  astronomy,  geometry^  and  mechanical 
j[)hiloFiophy.     In   modern  Europe^   all  the  natural 

sciences, 
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geoTogy  mid  mineralogy  excepteii,  have 
been  successfuilv  cultivated,  and  Uieir  progi'ess  lias 
been  astonishingly  rapid  ;  but  till  about  the  middle 
bf  the  liut  century  tlie  structure  of  the  eartli  had 
scarcely  engaged  the  attention  ol"  philosophers. 
"NiMT  that  time,  Lehman,  the  German,  first  oh- 
served  that  tliere  are  certain  rocks  which  occupy 
tlie  lowest  relative  situation  in  different  countries, 
■nd  tlial  these  rucks  contain  no  organic  remans  : 
hence  he  gave  them  the  name  of  primary,  and 
estabti-sheiJ  a  division  between  them  and  the  rocks 
by  which  they  are  covered,  in  which  the  remains 
of  aiiimaSs  or  vegetables  frequently  occur:  tlio 
latter  he  called  secondary.  In  our  own  country, 
ibc  Reverend  J.  Micliel!  was  the  first  person  who 
'appears  to  liave  had  any  clear  views  respecting 
■tfie  structure  of  Ihc  external  parts  of  tlie  eartli: 
-tiiey  were  made  public  in  a  valuable  paper  on  the 
cause  of  earthquakes  in  the  Pliilosophical  Trans- 
fections,  17-59'  About  t^^cnty  years  afterwards, 
Tkfr.  John  Whitehurst  published  his  "  Inquiry  into 
■^ilic  original  State  and  Formation  of  the  Earth." 
His  observations  were  principally  confined  to  the 
•rocks  and  strata  of  Derbyshire.  Independently 
of  ita  speculatiAC  opinions,  this  work  was  highly 
tnltiaWe,  us  an  attempt  to  describe  the  geology  of 
district  from  actual  examination.  The  great 
^of  original  information  it  contained,  and  its 
'ml  accuracy,  will  remain  a  lasting  monument 
of. 
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of  the  writer's  industiy  and  ability.  Mr.  White- 
hurst,  however,  fell  into  the  same  error  with  the 
celebrated  Werner  in  Saxony,  an  error  to  which 
the  first  cultivators  of  geology  were  particularly 
exposed,  that  of  drawing  general  conclusions  from 
local  observations,  and  forming  universal  theories 
from  a  limited  number  of  facts. 

Though  Mr.  Whitehurst's  book  was  favourably 
received,  yet  till  the  beginning  of  the  present 
century  geological  pursuits  made  little  progress  in 
England.  On  the  continent,  the  researches  of 
Saussurc,  Pallas,  Werner,  St.  Fond,  Dolomieu, 
and  others,  had  before  this  time  produced  a  power- 
ful interest,  and  brought  into  the  field  many  ac- 
tive and  enlightened  inquirers.  The  first  general 
impulse  given  to  the  public  taste  for  geological 
investigations  in  this  country  was  produced  by 
Professor  Playfair's  luminous  and  eloquent  illustra- 
tions of  the  Huttonian  theory.  The  leading 
feature  of  this  theory,  that  all  rocks  or  strata 
have  been  either  formed  or  consolidated  by  central 
subterranean  fire,  was  ably  and  very  warmly  op- 
posed ;  and  much  personal  animosity  and  many  ad- 
ventitious circumstances  were  associated  with  the 
contest,  not  highly  honourable  to  philosophy,  but 
well  calculated  to  keep  alive  the  attention  of  the 
disputants  to  those  appearances  in  nature  which 
favoured  or  opposed  their  different  theories. 

The  inte  rest  excited  by  the  brilliant  discoveries 
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lately  nmcie  in  chemistry  has  accelerated  the  pro- 
gress of  jieology,  by  developing  new  %iew3  respect- 
ing the  obiects  in  the  mineral  kingdom,  and  cre- 
ating a  desire  to  he  acquainted  with  the  situations 
in  irhich  they  occur.  Hence  a  taste  for  such  in- 
qtiiiivs  is  more  prevalent  among  the  intelligent 
dosses  of  society  in  tliis  countiy  than  at  any  ("oriuer 
period  ;  and  in  the  course  of  my  professional  pur- 
mnl%  and  Uic  geological  lectures  I  have  occasion- 
ally delivered,  I  Iwvc  repeatedly  heijrd  the  naJil 
of  an  intelligible  introductory  treatise  on  geology 
much  regretted,  by  persons  who  lamented  their 
inability  to  comprehend  the  'Geognosy'  of  Mr. 
Jameson,  and  their  equal  iuaplituile  of  attention 
to  the  jKfleniical  controversies  of  M.  De  Luc. 
To  both  these  gentlemen  geology  is  under  consider- 
able obligutiuns ;  and  if  their  clcnicntary  works 
Ikave  failed  in  exciting  general  interest,  it  is  owing, 
I  conceive,  to  an  over-strained  attachment  to  tlieir 
Articular  tlicorics,  or  to  the  technical  obscurity  in 
tch  tbcKie  Uieories  are  inrolvcd  *. 

He 

It.  Kirwaii   may  be  jusdy  regarded  aa   the  father  of 

b  Miiierulogf  :  but  lie  appears    ncTcr  to  have  sliKlitd 

r  out  of  his  own    mbinet ;  for  though  Dublin,  where 

indtd,    \i  more   fuvoumblf  situated    for  geologiciU  in- 

r  than   pcrhap*  any  other  capital  in  Europe,  he  con- 

1  the  interesting  rock  formations  in  its  vicinity  a*  ah- 

T  ton  Mered  ti>  Ijc  explored,  except  by  German  eye*. 

H  Society,  in    confonnitv  with  liis  examjile,  hmit 

reccntiy 
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He  who  attempts  to  make  a  scientific  subject 
ftuniliar,  runs  the  risque  in  this  country  of  being 
deemed  superficial:  a  plentiful  share  of  dullness, 
combined  with  a  certain  degree  of  technical  pre- 
cision, are  regarded  as  essential  proofs  of  pro- 
fundity. By  prescriptive  right  long  established  in 
these  realms,  dullness  and  pedantry  guard  tlie 
portals  of  the  temple  of  Science,  and  command 
those  who  enter,  to  avert  their  eyes  from  whatever 
can  elevate  the  imagination,  or  warm  the  heart, 
and  to  look  at  nature  through  a  sheet  of  ice.  In 
compliance  with  their  authorit}',  writers  of  in- 
troductory treatises  have  generally  thought  it  neces- 
saiy  to  avokl  that  felicity  in  the  familiar  illustra- 
tion of  scientific  subjects  so  conspicuous  in  some 
of  tlie  elementary  works  of  oui;  neighbours.  With- 
out venturing  to  depart  too  far  firom  established 
usage,  I  have  endeavoured  to  render  geology  more 
intelligible,  by  avoiding  as  much  as  possible  theo- 
retical and  technical  language,  and  by  introducing 
a  simple  arrangement  suited  to  the  present  state  of 
our  kno\\  ledge.  The  local  illustrations  from  va- 
rious parts  of  our  island,  with  the  drawings,  sec- 
tions, and  map  in  the  present  volume,  will  I  trust 
facilitate   the    study  of  geology,  and   prove  par- 


recently  elected  a  German  Mineralogist  for  the  avou^ed 
purpose  of  delivering  public  lectures  on  Geology,  disregard- 
ing the  trifling  inconvenience  of  his  being  an  utter  stranger  to 
the  English  or  Irish  languages. 
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liculai'ly  acceptable  to  those  who  aie  entenng  on 
These  inquiries;  at  the  .same  time,  I  flatter  myself 
''!th  the  liope,  that  the  original  information  this 
".  crk  contains  respecting  the  geology  and  natural  his- 
toiy  of  England,  will  secm'e  it  a  candid  reception. 

Several  have  been  deterred  from  the  study  of 
geology  by  the  supposed  ditllculty  of  learning  its 
attendant  science,  mineralogy ;  but  an  acquaintance 
with  the  nice  distinctions  made  bv  manv  modem 
luincralogists  is  not  necessary  to  gain  a  knowledge 
of  the  structui'e  and  arrauL^ement  of  tlie  ^reat 
masses  of  matter  that  environ  the  dobc,  nor  of  the 
substances  of  which  *  they  are  composed.  The 
number  of  simple  minerals  which  form  rocks  and 
strata  is  small ;  and  when  the  student  is  well  ac- 
quainted with  their  physical  and  chemical  proper- 
ties, their  external  characters,  and  more  common 
modes  of  intermixture  and  combination,  he  is  pre- 
pared to  commence  an  examination  of  nature  for 
himself  with  satisfaction  and  advantage.  The  pe- 
dantic nomenclature  and  frivolous  distinctions  re- 
cently introduced  into  mineralog\',  may  gratify 
vanity  with  a  parade  of  knowledge ;  but  they  are 
unconnected  with  objects  of  ical  utilitv,  or  with 
liny  enlarged  views  of  nature. 

On  hcarinj:^  the  various  names  which  niinera- 
hr^ists  ifivc  to  the  ^ame  .subslaiice,  and  ol)servini£ 
thf  aviditv  with  whicli  eairli  new  name  i^  seized,  a^ 
if   it   r()nv(^vcd  u   liiidon   ^'liarnj,    tiio  mrniifiaU^i 
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luii^ht  sup|)ose  that  he  was  '* journeying  in  the  land 
of  Sliinar,"  and  had  fallen  in  company  with  a  set 
of  Hjasons  fre^h  from  the  tower  of  Babel,  each  one 
calling  the  wSamc  stone  by  a  diiferent  name,  and 
iilorvini:  in  his  al>surditv.  Such  frivolities  dismast 
men  of  sense  with  tlie  sludv  of  an  important  and 
interesting  science,  a  science  that  has  lor  its  imme- 
diate object  the  structure  of  the  planet  which  the 
Author  of  nature  has  destined  for  our  abode,  and 
an  acquaintance  with  the  situation  of  its  various 
mineral  producdons,  subservient  to  the  wants  or 
enjoyments  of  man  in  civilized  society. 

Tiie  advice  of  Cicero  to  the  cultivators  of  moral 
science  applies  with  peculiar  force  to  the  geologists 
and  mineralogists  of  the  present  day.  '  In  these 
natural  and  laudable  pursuits,  two  errors  are  par- 
ticularlv  to  be  avoided :  the  first,  not  to  confound 
those  thinijs  of  whicii  we  are  i2nora!it  with  those 
wc  know,  or  rashly  to  yield  our  assent  vithout  due 
investigation ;  the  second,  not  to  bestow  too  much 
labour  and  study  on  obscure,  intricate,  and  unpro- 
fitable subjects/  '  In  hoc  genere  et  naturali  et  ho- 
nesto  diio  vilia  vitanda  sunt:  unum,  ne  incomita 
pro  cogiiilis  habeauius,  bisque  temere  asscntiamur 
(quod  vitiuuj  eftugcre  qui  volet  a.lhibcbit  ad  con- 
siderandas  res  et  tempus  et  diiigentiam).  Alterum 
est:  \iiiii:n,  quod  quiuam  iiimis  magnum  studium 
uiiiiLinqnc  operain  in  res  oijscuras  atque  difficiles 
contbruut,  car.d'jiuq'io  non  necessaiias.' — Cic.  (>!*- 
lie.  i.  6. 
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From  tlie  speedy  sale  of  the  first  edition  of  tlie 
IiUroduction  to  Geology  without  any  assistance 
from  the  patronage  or  early  notice  of  the  literary 
journals  and  reviews,  it  may  be  presumed  that  the 
work  was  favourably  received.  I  am  therefore  en- 
coui-aged  to  publish  a  second  enlarged  edition  under 
circumstances,  in  some  respects,  more  favourable 
to  its  success. 

A  person  unconnected  with  public  societies, 
whose  name  is  undecorated  with  any  ap[)endagcs, 
has  certain  difliculties  to  encounter  when  he  first 
presents  a  book  on  any  science  to  the  world.  Many 
even  of  tlie  learned  vulgar,  whose  minds,  as  I-ocke* 
expresses  it,  arc  "  confined  in  a  little  Goshen  of 
their  own,"  are  very  unwilling  to  believe  that  any 
knowlediic  or  information  can  exist  beyond  the 
precincts  of  those  cstablishiiients  or  societies  with 
which  they  arc  acquainted.  'I'he  following  incident 
jnav  illu.strate  the  truth  of  this  remark.  Soon  after 
tlje  appearance  of  the  first  edilion,    a  gcndoman 

*  Conduct  of  the  Iluinaii  Understanding. 

placed 
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placed  the  book  in  the  hand  of  a  leained  and  re- 
verend professor  in  one  of  ooi*  English  Uni- 
versities, accompanied  with  the  inquiry,  *  Have 
you  seen  this  book,  sir?' — *  Yes,  I  have.' — '  Pray 
what  do  you  think  of  it?' — *  G — d  !  I don*t  knoxi\ 
but  I  wonder  where  the  devil  he  got  his  i-iif'orma^ 
tion!*  was  the  reply.  Though  tlir  answer  may 
sound  unclerical  to  English  ears,  I  am  willing  to 
believe  that  it  is  conformable  to  the  legitimate 
modes  of  figurative  expression  and  the  strictest  rules 
of  poetical  propriety, —  rules  with  which  this  rerce- 
rend  pi^ofessor  is  of  course  so  familiar.  Men  of  more 
enlarged  minds  are  ever  ready  to  hail  the  progress 
of  information,  without  stopping  to  inquire  whether 
it  be  given  by  a  titled  or  untitled  individual.  A  di- 
stinguished ornament  of  the  other  university,  a 
prelate  whose  name  will  long  be  dear  to  science,  to 
learning,  and  religion,  the  venerable  bishop  of  Lan- 
dafl',  rose,  as  he  expressed  it,  immediately  from  the 
reading  of  my  book  to  lose  no  tune  in  communicating 
his  approbation  to  the  author^  a  testimony  the 
more  llattering,  as  it  was  given  without  any  previous 
coujmunication  or  acquaintance  with  his  lordship  ; 
and  still  more  gratifying,  as  it  was  from  tlic  early 
perusal  of  his  lordship's  Cr.emical  Essays  that  I  first 
acquired  a  taste  for  tlicse  pursuits.  These  essays, 
amidst  the  changing  language  of  theory,  will  ever 
remain  a  valuable  record  of  facts,  and  serve  as  a 
perfect  model  for  a  just  philoso[)hical  style ;  learned 
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iantry,  definite  without  technical  obscu- 
rity, at  once  sioiple,  elegant,  and  perspicuous.  To 
return  to  my  professor :  Should  he  honour  the 
present  edition  with  his  perusal,  I  trust  he  will 
find  in  it  additional  infoniiution,  and  that  he  may 
not  again  invoke  supernatural  agency  to  reveal  the 
means  by  which  it  was  acquired,  the  case  being 
haud  dignus  vindice  nodus,  not  of  suilicieut  diffi- 
cult to  require  such  assistance ;  I  shall  briefly 
•c<)uaint  him  with  the  secret.  Since  the  first  up- 
peafunce  of  the  work,  I  have  travelled  over  two 
thousand  miles  of  the  United  Kingdom,  and  liad 
an  opportunity  of  revisiting  some  of  the  districts 
before  described,  and  of  examining  others  I  had 
not  tlieu  seen.  I  have  also  taken  a  ^hurt  view  of 
i  rock-formations  in  the  west  of  Anglcsea,  and 

I  oppCH-ite  coast  of  Ineland.     From  gentlemen 
•  in  the  countiy,  who  had  perused  the  hook, 

tBVe  received  some  iuformatioa  and  corrections, 

I I  have  not  been  inattentive  to  the  more  im- 
tant  observations  and  discoveries  of  other  geo- 

s  in  our  country  or  on  Uie  continent. 
In  the  prescntedition  I  have  ventured  toadvance 
MMnr  opiiii{»us  respecting  the  process  of  rock-forma-  ' 
which  I  am  inclined  to  flatter  myself  will 
T  that  various  apparently  contradictory  or  ano- 
ft  facts  are  referable  to  one  general  cause,  and 
;  some  of  tlie  difficulties  under  which  geology 
H  hitherto  laboured,  admit  of  a  satisfactory  ex- 
planation. 
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planation.  These  speculations  being  proposed  as 
queries,  and  tlieir  truth  or  probability  submitted  to 
their  accordance  with  existing  appearances  on  the 
surface  of  our  planet,  I  trust  they  will  be  received 
with  indulgence. 

In  an  introductory  work,  the  entire  departure 
from  language  hitherto  received  by  geologists  would 
be  attended  with  much  inconvenience ;  I  have 
therefore  retained  the  terms  primary,  transition, 
&c.  though  I  am  convinced  that  recent  obser\'a- 
tions  show  more  and  more  their  impropriety,  when 
taken  in  their  strict  original  sense.  If,  however,  by 
primary  countries  we  mean  to  designate  tliose  in 
which  granite,  gneiss,  and  mica-slate  predominate, 
without  any  reference  to  theory;  and  by  transition 
countries,  those  abounding  in  metalliferous  lime- 
stone or  in  rocks  allied  to  slate,  tlie  terms  can  occa- 
sion noenor,  and  we  thereby  avoid  prolixity  of  de- 
scription. The  great  mistake  was  in  fixing  these 
terms  as  the  expression  of  invaiiablc  natural 
characters,  and  in  asserting  that  tlie  same  succes- 
sion of  rocks  that  occurs  in  Saxony,  which  Werner 
first  described,  exists,  or  once  existed,  in  every 
part  of  the  world.  Since  the  universal  evidence 
of  facts  in  other  countries  made  the  Wernerian  ar- 
rangement no  longer  tenable,  there  has  been 
sufh  shuffling  and  shifting  of  rocks  from  one  class 
to  another,  that  it  threatened  to  upset  the  whole 
surface  of  the  globg,  to  the  no  small  terror  of  its  in- 
habitants. 
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hftUtants,  had  tliey  been  apprised  of  the  danger. 

A    dkciple  of    Werner    has    lately  ventured  to 

iatidpate    tliat   the    Professor  may    find   it  con- 

Ujahnt  to   let  sonic   of  lilti  universal   formations 

|Eb  out  of  ilia  systenn.'     For  the  consolation  of 

^fc^ timid,  we  may  venture  to  predict,  that  when 

these  uni^'ersul  rock-fonnationa  pass  away,  the  shock 

will  occasion  no  catastrophe  to  our  planet,  as  they 

Ir  had  any  existence  in  nature.  The  advocates  of 
svstuin.  insteail  of  acknowledging  Uie  funda- 
ul  error  of  the  llrst  an-angeiuent,  imitate  the 
iciaii  of  Molicre,  who  placed  the  heart  of  his 
■nt  on  the  right  side  and  the  liver  on  the  left, 
tad  when  reminded  by  tlie  father  lliat  the  reverse 
Bisbclieved  to  be  the 'fael,   replied,  '  ^k/    oui, 
%giiloU  ainsi  autrefois,  mais  aujourtTliui  jious  avons 
^^haig^  tout  cell}. — "It  used  to  be  so  formerly,  hut  at 
^^reeenlwe  have  changed  all  that*."  If  philosophers 
would  turn  their  eyes  more  upon  nature,  and  think 
I      Iwuf  artificial  classifications,  they  might  not  de- 
^Bflibc  tlK-ir  observations  with  such  a  technical  parade  ' 
^^■^Dowledge,  hut  tliey  would  mark  more  distinctly  ' 
^^Bpse  natural   chuiacters  and   circumstances  that  i 
^^bspe  tlie  eyes  of  common  observers,  but  wliicl^  ^ 
^Hpd  directly  to  tlie  most  valuable  discoveiies. 
'  II  has  been  urged  as  an  objection  to  the  cultiva- 

tion of  geology,  that  the  phienomena  of  which  it 
proposes  to  treat,  lead  us  back  for  their  explana- 
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tjons  to  periods  of  time  of  which  we  have  no  historic 
records ;  and  the  objects  of  present  research  being 
buried  under  the  surface,  our  conclusions  are  ob- 
scured by  uncertainty.  Objections  of  equal  validity 
might  be  advanced  against  all  the  other  sciences. 
In  chemistry,  the  very  existence  of  its  most  impor- 
tant agent  caloric,  or  heat,  as  a  specific  substance, 
is  denied  by  some  very  eminent  philosophers  ;  nor 
have  we,  perhaps,  better  evidence  for  the  existence 
of  oxygen,  azote,  or  hydrogen,  as  simple  elemen- 
tary substances.      In  mechanics,    the   important 
question  of  the   ratio  between  the    velocity  and 
momentum   is   still   undecided.      Even  in    pure 
mathematics,  where  the  light  of  truth  is  supposed 
to  shine  witli  unclouded  splendour,  some  of  the 
very  first  definitions  are  exposed  to  objections  which 
the  most  vigorous  minds  have  not  been  able  to 
remove,  and  demonstrations  of  elementary  proposi- 
tions admitted  by  mathematicians  for  t\vo  thousand 
years,  are  now   found   to  be  defective  or  erro- 
neous*.   The  more  abstract  speculations  on  space, 
time,  and  matter,  have    engaged  and  exhausted 
the  highest  intellects  of  ancient  and  modem  times ; 
yet  tlie  mysterious  veil  is  still  unremoved,  and  the 
only  benefit  resulting  firom  these  inquiries  has  been 
to  exercise,  and  in  some  degree  to  fix  limits  to,  the 
powers  of  the  human  mind.  Are  we  hence  to  neg- 


♦  Sec  Flayfair's  Geometry,  notes  on  book  vii.   prop.  20 ; 
and  Simpson's  Euclid,  notes  on  book  xi.  dcf.  10. 

lect 
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lect  the  cultivadoQ  of  science  ?  Because  we  cannot 
always  bask  in  the  blaze  of  meridian  day,  shall  we 
close  our  eyes  and  sit  in  darkness  indulging  **  a  sul* 
lenness  against  nature  ? "  There  are,  indeed,  few 
subjects  on  which  we  can  acquire  demonstrative 
proof;  yet  our  faculties  are  so  constituted,  in  rela- 
tion to  external  objects,  that  we  are  able  to  obtain 
a  high  degree  of  probability  sufficient  for  all 
useful  purposes.  The  geologbt  cannot  lay  open 
the  internal  structure  of  the  globe,  nor  penetrate 
very  far  beneath  its  surface ;  but  what  is  within  his 
reach  is  sufficiently  interesting  and  valuable  to  ar- 
rest our  profound  attention.  In  the  short  space  of 
time  tliat  geology  has  been  cultivated,  perhaps  no 
science  was  ever  more  rich  in  astonishing  discove- 
ries; discoveries  which  have  opened  tlie  volume 
of  Nature,  where  the  history  of  the  primaeval  inha- 
bitants of  the  ^obe  is  imprinted  in  legible  charac- 
ters. I  have  spoken  elsewhere  of  the  immediate 
utility  of  geological  researclies,  as  disclosing  the 
various  treasures  of  the  mineral  kingdom.  At  a 
time  when  it  becomes  so  necessary  that  we  should 
avail  ourselves  of  our  natural  resources,  a  work 
which  proposes  more  immediately  to  direct  the  at- 
tention of  my  countrymen  to  the  mineral  repositories 
of  Great  Britain  may  claim  tlieir  indulgence  and 
patronage.  Tlie  difficulties  which  have  been  un- 
necessarily created  in  mineralogy  and  geology,  by 
multiplying  names  to  designate  the  same  mineral 

b  substance, 
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substance,  axul  by  frivolous  subdivisions  of  specied^ 
have  more  than  any  other  cause  retarded  the  (nto- 
gress  of  these  sciences.  Unfortunately,  books  alone 
cannot  make  the  student  acquainted  with  minerals : 
they  may  teach  him  what  a  substance  is  not ;  but 
-they  will  seldom  enable  him  to  say  what  it  is,  unless 
he  be  previously  familiarized  with  specimens. 

The  external  characters  of  minerals  are  some- 
times too  evanescent  to  be  fixed  by  language,  and 
it  is  only  by  frequeiit  inspection  that  the  eye  can  be 
habituated  to  detect  them :  hence  this  kind  of  know- 
ledge is  in  some  degree  empirical,  and  hence  may 
aiise  that  kind  of  pedantic  conceit  said  to  charac- 
terize many  who  think  themselves  accomplished  mine- 
ralogists. It  might  serve  to  abate  this  supercilious 
self-complacency,  were  it  more  generally  known  thai 
the  knowledge  on  which  it  is  founded,  requires  les3 
comprehension  of  mind,  and  less  labour  of  thought, 
than  are  necessary  for  the  attainment  of  the 
humblest  mechanic  art  A  steady  eye  and  free 
access  to  well-arranged  mineral  collections  are  all 
Lhc  requisites  for  forming  an  expert  mineralogist, 
whatever  may  be  the  range  of  his  intellectual 
powers. 

In  making  these  observations  I  by  no  means 
wish  to  undervalue  mineralogy ;  the  knowledge  of 
it  is  absolutely  necessary  to  the  geologist,,  and  highly 
useful  for  various  purposes  of  life ;  but  it  is  not  the 
less  useful  for  being  easy  of  attainment.  I  object  to 

what 
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iai  Sir  Humphry  Davy  (in  his  Lectures)  very  pro- 
hyca'led"barriciiiliiig  the  avenues  to  knowledge 
I  general  access  by  a  fortiiication  of  hard  wordB 
I  frii-oloua   distinctions."    In  no  department  of  . 
Nice  has  this  sin  against  good  taste  been  so  fre*  1 
mlv  and  remorselessly  committed,  as  in  tlmt  of  i 
beralogy. 

Erystallography  more  properly  belongs  to  the  ] 
branches  of  physics :    the  laws  of  crj-stid*-  i 
ition,  explained  by  the  ingenious  labours  of  De  i 
;  and  Haiiy,  fiavr  enlarged  our  views  of  some  1 
^e  more  refined  operations  of  nature,  and  have  j 
felused  a  marvellous  svstem  of  geometrical  aiv  -j 
ment.  extending  to  the  minutest  particles  of  ] 
',  not  less  regular  than  tlie  laws  which  govern 
i  plai»etary  motions.   The  practical  mineralogist  1 
b»  however,  rarely  apply  the  ani^ular  measurement  . 
^crystals  to  the  examination  of  minerals  in  n*-' J 
tare,  because  tew  of  tliem  comparatively  are  found  1 

n  a  perfect  crystalline  state. 

^^^Ue  who  would  gain  a  useful  knowledge  of  ini!>  I 

^^^■^Ojj;}',  would  do  well  to  provide  himself  with  I 

^^Hbdmens  of  .simple  minerals  and  of  the  different 

^^Hbmiun  rucks,  and  examine  theirextemal  characters 

^^Hd  physical  properties,    comparing  them  uith  the 

descriptions  given  by  the  best  mineralogical  writers. 

Ptetanately  these  substances  are  not  very  numerous, 

md  be  may  without  present  inconvenience  omit  the 

more  FBrecry:4t»)lizationsand  varieties  so  much  valued 

tet  philosophers;  for  here,  a?  inmany  other 
b  'J  instances, 
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instances,  the  received  value  is  in  an  inverse  ratia 
to  the  utility.  Considering  the  great  benefits  which 
mankind  in  civilised  society  receive  from  the  oiine^ 
ral  kingdom^  it  is  truly  astonishing  that  so  little  at- 
tention has  been  paid  to  mineralogy  or  geology 
until  nearly  the  present  time.  It  is  not  my  inten- 
tion to  dwell  on  the  advantages  to  be  derived  from 
the  practical  application  of  these  sciences  to  the  im- 
provement of  landed  property,  I  beg  leave  to  re- 
fer to  the  notice  on  this  subject,  page  454. 

The  value  of  every  science  must  ultimately  rest 
on  its  utility ;  but  in  making  the  estimate  we  ought 
not  to  be  guided  alone  by  tlie  narrow  views  of  im- 
mediate gain.  The  objects  of  nature  appear  des- 
tined to  answer  two  purposes ;  the  one,  to  supply 
the  physical  wants  of  the  various  inhabitants  of  the 
globe ;  and  the  other,  to  excite  our  curiosity^  and  sti- 
mulate our  intellectual  powers  to  the  discovery  of 
those  laws  by  which  all  the  successive  changes  in 
the  material  universe  are  governed.  Were  it 
not  for  this  intellectual  excitement,  man  would 
be  little  advanced  above  the  beasts  of  the 
forest.  In  those  sciences  which  have  reached  the 
greatest  perfection,  the  contrivance  of  the  Divine 
Artist,  and  the  ends  and  uses  of  thevaiious  parts, 
are  most  apparent.  Geology  has  not  yet  made  suf- 
ficient progress  to  carry  us  far  in  this  path  of  inqui- 
ry ;  but  we  can  already  discover  that  the  very  disor- 
der in  which  the  surface  of  the  globe  is  apparently 
thrown,  and  the  inequalities  which  it  presents,  are 

abso- 
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absolutely  necessary  to  its  habitable  condition : — the 
distribution  of  its  mineral  treasures,  particularly  of 
coal  to  the  colder  regions  of  the  globe,  is  also  well 
deserving  our  attention;  but  a  cold-hearted  philoso- 
phy, under  the  sanction  of  a  quaint  expression  of 
Lord  Bacon  *,  has  (to  use  the  words  of  Dugald  Stew- 
art) ^'  made  it&shionable  to  omit  the  consideration 
of  final  causes  entirely,  as  inconsistent  with  the  ac- 
knowledged rules  of  sound  philosophising.  The 
effect  of  this  has  been  to  divest  the  study  of  natuoe 
of  its  most  attractive  charms,  and  to  sacrifice  to  la 
false  idea  of  logical  rigour  all  the  moral  impressioos 
and  pleasures  which  physical  knowledge  is  fitted  to 
vield/' 

• 

*  The  sentence  which  coDdemns  the  inqoirj  after  final  causes 
as  a  barren  stody^  is  one  of  those  poerile  witticisms  so  common 
with  the  writers  of  Lord  Bacon's  time^  and  would  have  been 
deemed  unworthy  of  notice  had  it  occurred  in  the  works  of 
aoy  of  his  cotemporaries.  '*  Causarum  finalium  inquisitio  sterilif 
e|t,  et  tanquam  yirgo  Deo  consecrata  nihil  parit/' 
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CHAPTER  L 

Ohfects  of  the  Science  demminated  Geology. — The 
Shiqfe  of  the  Earth  and  other  Planets  affected 
by  the  respective  Velocities  of  their  rotatory  Mo- 
tions.— Density  of  the  Earth. — Theoretical  Di- 
vision and  Classification  of  Rocks. — Arrange- 
ment of  the  Mineral  Districts  of  E^igland. — 
The  present  Continents  once  Cffoered  by  the 
Ocean : — existing  Proofs  of  this  on  many  of 
the  highest  Mountains  in  England,  Spain,  South 
AmericUj  and  various  Parts  of  the  JVorld. — 
Fossil  Remains  of  Marine  Animals,  Vegetables, 
and  Quadrupeds. — Strata  in  which  they  are 
imbedded^  formed  in  Succession  at  different  Pe- 
riods. — Human  Skeleton  in  a  halcareotcs  Rock  at 
Guadahupe. — Inferences  respecting  the  former 
Condition  of  the  Globe. 

When  we  examine  the  terrestrial  globe, 
where  the  solid  parts  are  uncovered  and  ex- 
posed to  our  view,  we  observe  vast  masses  of 
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rock  or  stone  lying  in  apparent  confusion  on 
each  other;  or,  should  we  perceive  some  re- 
gularity in  their  position  and  arrangement,  we 
soon  lose  sight  of  it  again  by  the  intervention 
of  other  rocks.  In  this  department  of  nature 
all  seems  vast,  unshapen,  and  chaotic;  but 
we  may  recollect  that  the  grandest  objects  in 
the  material  universe  seldom  present  to  the 
hasty  view  of  the  superficial  observer  imme- 
diate proofs  of  order  or  design. 

The  shepherd  who  first  discovered  that  the 
planets  were  not  fixed  in  the  heavens,  and 
saw  their  apparently  intricate  wanderings 
among  the  stars,  could  not  possibly  antici- 
pate the  regularity  and  harmonious  sifupli- 
city  of  their  movements,  which  subsequent 
t)bservations  have  demonstrated. 

Let  us  then  endeavour  to  ascertain  by  what 
means  we  may  become  acquainted  with  the 
.structure  of  the  covering  of  our  globe.  Were 
these  means  bounded  by  the  power  of  man 
to  penetrate  below  the  surface,  our  know- 
ledore  must.ever  remain  verv  limited  and  im- 
perfect ;  but  natural  operations  have  greatly 
facilitated  our  inquiries,  and  have  broken  the 
rocky  pavement  of  the  globe,  and  raised  from 
vast  depths  the  mineral  substances  of  which  it 

is 
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IS  composed.  By  an  accurate  and  attentive 
examination  of  the  situations  where  the  rocki 
unci  strata  are  tlms  exposed  to  our  researchj ._ 
we  lay  the  fomidation  of  ihe  science  denomi- 
nated Geology.  The  lirat  part  of  this  science 
(iprises  the  structure,  composition,  and  ar- 
iinent  of  the  mountains,  rocks,  and  strata 
Bt  environ  our  planet.  The  second  part, 
die  intersections  and  dislocations  formed  by 
metallic  veins  and  mineral  dykes*,  and  the 
direction,  structure,  and  contents  of  the.se 
mineral  repositories.  The  third  part,  the 
changes  which  are  taking  place  on  the  sur-' 
lace  of  the  globe  by  the  agffncy  of  inunda- 
tions, earthtiiiakes,  and  volcanoes.  There  is 
n  ibortli  part,  which  may  be  styled  specula- 
dve  geology,  or  an  investigation  of  tiie  causes 
thatbave  probably  operated  in  the  formation 
of  rocks  and  mountains,  and  also  those  by 


•  Dyke  in  the  provincial  language  of  North  Britain  sig- 
aiSea  a  mil.  The  substances  whicii  fill  veins  and  pcrpcn- 
■ficnlur  intersectitnii  in  rocks  are  generally  harder  than  the 
rock  itself,  and  remain  when  the  latter  is  partly  decom- 
powd,  rigng  above  the  surface  like  a  wall,  and  extending 
•onetitnes  many  miles.  Instanees  of  theae  are  frequent 
in  (he  western  parts  of  Durham  and  Northumberland,  and 
a  of  Scotland. 
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which  the  revolutions  of  the  earth's  surface 
have  been  subsequently  effected.  Nor  is  this 
part,  as  some^  assert,  entirely  useless ;  the  ad- 
vocates of  particular  systems  have  engaged  in 
an  active  examination  of  nature  to  support 
their  opinions,  and  have  ^^  compassed  sea  and 
land  to  gain  proselytes  :*'  thus  numerous  facts 
liave  been  discovered,  with  A?hich  we  should 
not  have  been  acquainted  had  they  remained 
idle  in  their  studies.  It  may,  however,  be 
doubted,  whether  they  have  not  sometimes 
been  insensibly  induced  to  close  their,  eyes 
on  other  facts  that  opposed  their  favourite 
theories. 

The  earth  is  now  well  known  to  be  one  of 
those  globular  bodies  called  planets,  that  re- 
volve round  the  sun  in  orbits  nearly  circular, 
and  in  stated  periods  of  time  which  bear  a 
certain  ratio  to  their  respective  distances  from 
it.  They  turn  round  their  axes  with  different 
degrees  of  velocity,  and  this  motion  appears 
to  have  had  considerable  influence  on  their 
external  shape  by  enlarging  their  equatorial 
diameters. 

In  the  planet  Jupiter,  the  velocity  of  the 
equatorial  parts  is  more  than  four  hundred 
miles  per  minute,  whilst  in  the  same  time  the 
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equatorial  parts  of  the  earth  liave  movTd  only 
«vcnleen  miles.  A  ditterer.ce  between  the 
polar  and  equatorial  diameter  of  Jupiter  is 
perceptible  willi  a  telescope  that  has  a  di- 
stioct  magnifying  power  of  a  hundred  times, 
and  it  is  ascertained  to  he  as  12  to  13. 
The  equaloriat  diameter  of  the  earth  ex- 
cfcds  its  polar  thirty-seven  miles,  or  is  only 
as  230  to  229. 

The  n-lative  density  of  the  sun,  the  earth, 
and  of  the  other  planets,  is  estimated  by  the 
altracUTe  force  which  they  exert  on  each 
other  as  they  move  round  their  common  cen- 
tre of  gravity.     The  absolute  density  or  the 

quuntity  of  matter  contained  in  the  earth, 
compared  with  an  equal  hulk  of  any  known 
ntbstance,  may  be  nearly  determined  by  the 
attractive  force  which    any    given   mass   o£  | 
matter  exerts    upon  :i  jjlimimet  (when  sua*  | 
ponded   in    its    virinily)    to  draw  it  from 
Terdcal   line.     Tliis  will  be  proportional   t(>;  ] 
the  ubjohile  quantity  of  matter  in  that  masa  I 
compared  wiili  that  of  ihe  earth.     By  this 
Haetbod,  it  hu^  been  found  that  the  mean  den^  j 
Sty  of  the  earth  ia  about  five  times  greater* 
Ifaan  that  of  water,  or  nearly  twice  the  average  ' 
^sity  of  the  rocka  and  stones  on  the  surface.: 
Hence 
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Hence  it  may  be  inferred  thai  the  interior' 
part  of  the  earth  is  solid ;  or,  if  it  be  cavern- 
ous, the  sohd  matter  must  possess  great 
density.  It  is  not  improbable  that  iron 
nearly  in  a  metallic  state  may  be  one  of  the 
constituent  parts  of  the  central  mass,  and  to 
this  it  may  owe  its  magnetic  polarity. 

Dr.  Halley  has  written  a  very  ingenioua^ 
paper  (in  the  Philosophical  Transactions)  to 
prove  that. the  earth  is  a  hollow  sphere,  in 
which  there  is  inclosed  a  central  magnetic 
globe,  and  by  the  motions  of  this  globe  the 
variations  of  the  magnetic  needle  are  pro^ 
duced*  It  is  evident  that  we  have  no  means 
of  verifying  or  invalidating  hypotheses  re- 
specting the  nature  of  the  central  parts  of 
the  globe.  The  matter  thrown  up  from  vast 
and  unknown  depths  by  subterranean  fires  is 
similar  to  that  of  many  rocks  on  the  surface ; 
but  we  know  not  what  changes  it  has  under-^ 
gone,  or  what  substances  were  separated  from 
it  by  fusion. 

The  rocks  and  mountains  composing  the 
solid  parts  of  the  earth's  surface  have  been 
divided  into  different  classes  by  geologists. 

The  names  given  to  these  classes  are  not 
free  from  the  objection  of  being  founded  on 
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oifaeiicat  principles  adopted  before  ob- 
Btions  had  been  sufliciently  extended  to 
ltbe  basis  of  a  solid  system  of  arrauge- 


liese  names  havi 


,  however,  been  inlro- 


1  into  nil  modern  books  relating  to  geo» 
and  also  into  the  works  of  many  mo- 
deni  traveller.^,  it  may  be  proper  to  retaia 
Uicm  in  an  introductory  treatise,  using  tlicra 
in  a  restricted  sense,  without  any  reference  to 
theory.  The  classes  ore  denominated  pri- 
mary or  primitive  rocks ;  transition  or  lower 
secondary  rocks ;  secondary  stratified  rocks, 
called  by  the  Germans  Flcetz  rocks  ;  volcanic 
rocks,  and  alluvial  ground.  In  the  present 
work  basaltic  rocks  arc  aUo  arranged  in  % 
separate  class. 

Primary  rocks  have  been  so  called  becaust-^ 
nooi^anic  remains  hove  been  found  in  them:  ' 
hence  it  is  supposed  tiiey  we'fo  i'ormed  prior 
to  the    creulion    of  animals   or    vegetableit^ ' 
Tbeyarc  extremely  hard,  and  the  substances  ' 
of  which  tliey  are  composed  are  crysiallized. 
They  form  the  lowest  part  of  the  earth's  sur* 
face  with  Mhich  we  are  acquainted  ;  and  they 
not  only  constitute  the  foundation  on  which 
the  other  rocks  rest,  but  in  many  situations 
they 
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they  pierce  through  the  incumbent  rocks  and 
strata,  and  form  also  the  highest  mountains 
in  alpine  districts.  We  are  not  to  condlude, 
when  we  see  a  mountain  or  range  of  niouii^ 
tains  bounded  by  a  plain,  that  the  rocks  and 
strata  of  which  these  mountains  are  formed 
terminate  at  their  apparent  bases;  on  the 
contrary,  they  extend  under  the  surface  at 
angles  more  or  less  inclined,  stretchflig  be- 
low the  lower  grounds  and  hills,  and  often 
rising  again  in  remote  districts. 

That  primary  rocks  environ  the  whole 
globe  will  not  admit  of  direct  proof;  but, 
from  their  frequent  occurrence  in  moun- 
tainous districts  in  the  most  distant  parts  of 
the  world  that  have  been  examined,  we  may 
infer  that  some  of  the  rocks  of  this  class  con^ 
stitute  the  i^Muidation  rock  of  every  country. 
We  have  no  meani  «#««ieertmmhg  that  the 
similar  rocks  cff  dKstaiit  districts  were  formed 
at  the  same  time,  nor  can  we  be  certain  that 
the  rocks  called  primary  have  not  once  con«- 
tained  organic  remains  that  were  destroyed 
during  the  process  by  which  they  acquired 
their  present  crystalline  structure.  We  may, 
however,  with  apparent  probability,  infer  that 
their  formation  was  prior  to  the  existence  of 
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present  siato,  because  the  rocks  vihich  im- 
ledintciy  cover  them  contain  almost  exclu- 
•ely  ihe  organic  remains  of  zoophytea,  or 
B  animals  which  are  considered  as  forming 
!  first  htikin  the  chitin  of  animated  beings. 
iTIie  lowest  of  llic  sncondary  rocks  have  on 
i  account  been  called  by  the  German  geo- 
gisL3  tranxition  rocks,  from  the  supposition 
iat  they  were  formed  when  the  world  was 
fting  from  an  iininliabitable  to  a  habitable 
^te.  These  rocks  are  less  perfectly  crystal- 
;  iban  the  former  class.  They  sepamte  the 
Riinary  from  the  upper  secondary  rocks,  and 
retain  some  of  the  characters  belonging  to 
both. 

The  primary  and  lower  secondary  or  traiw- 
itjon  rocks  in  Europe  contain  few  saline  or 
inflammable  fossils*  ;  but  they  are  the  repo- 
sitories of  metallic  ores  which  are  not  often 
found  in  the  upper  secondary  stratified  rocks, 
in  many  of  which  numerous  remains  of  vege- 


Ir  South  Amenta,  according  to  the  observntione  of 
both  aulphur  and  bitumen  exist  in  considerable 
in  rocks  which  hnve  ahvavs  been  classed  with 
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tables  and  animals  occur.  This  class  con«» 
tains  sandstone,  coal,  stratified  limestone, 
chalk,  &c  Water-worn  fragments  of  pri- 
mary and  transition  rocks  are  commonly 
found  in  many  of  the  secondary  rocks :  hence 
it  is  inferred  that  they  have  been  formed  at  a 
later  period,  and  hence  this  class  receives  its 
name. 

Volcanic  products  are  the  substances  eject- 
ed from  volcanoes,  or  formed  by  the  agency 
of  subterranean  fires.  They  constitute  no  in- 
considerable portion  of  the  earth's  surface, 
though  they  are  scarcely  noticed  by  some 
geologists. 

Basaltic  rocks  are  by  some  geologists  class- 
ed with  those  of  volcanic  origin :  like  them, 
they  occasionally  cover  rocks  of  the  preced- 
ing classes,  and  frequently  have  a  regular  co- 
lumnar structure.  But  as  the  igneous  origin 
of  these  rocks  in  some  situations  may  be 
doubted,  I  have  arranged  them  separately* 

Alluvial  ground  consists  of  beds  of  clay, 
sand,  and  gravel,  formed  from  the  decom- 
posed ruins  of  other  rocks,  and  carried  by 
water  into  valleys  and  plains,  or  over  the 
lower  declivities  of  hills  and  mountains. 

These  classes  have  their  appropriate  mi- 
neral 
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•  prmiary  ana 
/  marble 
o'rmetallic  veins  in  the  upper  secondary  &trat»  I 

I  in  attuvial  ground. 
Fbe  sitnaiion  of  the  viirious  mineral  pro-  ' 
pions  of  England  offers  a  proof  of  this.  , 
ki  tho  western  side  of  ilie  county  of  Dom>  ' 
■  waving  line  may  be  traced  in  a  north- 
|t  direction  to  near  Scarborough  in  York- 
|c:  see  the  map  A.  A.     Tlie  whole  of  th« 
hitry  between  this  line  and  the  German 
ocean  is  composed  of  chalk,  calcareous  sand^^ 
stone,  and  other  secondary  strata,  or  alluviai 
ground,  in  which  no  beds  of  workable  coal 
or  metallic  veins  occur :  it  is  coloured  yellow- 
in  the  map.     The  same  strata  appear  again 
on  the  eastern  side  of  Durham  mid  North- 
umberland, but  are  separated  from  those  of  1 
Yorkshire  by  the  alum  rock  near  Whitby; 

I  the  Cleveland  hills  marked  B.  This  part 
England  I  denominate  the  low  district, 
the  coast  of  Lincolnshire  and  part  of 
Lshire  therein  asubtermnean  forestabout 
iteen  feet  under  the  present  high-water 
mark.  This  forest  appears  to  have  extended 
Wtttward,  as  stumps  and  roots  of  trees  may 
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be  seen  at  low  water  at  a  considerable  di* 
stance  from  the  coast :  it  is  coloured  green. 
West  of  the  line  A.  A.  the  country  is  com- 
posed of  secondary  strata  of  a  different  kind, 
in  many  parts  of  which  are  beds  of  iron- 
stone and  coal:  it  is  coloured  blue.  This 
I  denominate  the  middle  district.  It  is  bound- 
ed on  the  north  by  mountains  of  metalhfe- 
rous  limestone,  which  range  along  the  line 
C.  C.  and  terminate  in  Derbyshire.  In  the 
uest  this  district  extends  to  the  mountains  of 
Wales  and  Devonshire.  See  the  map.  The 
principal  coal  fields  are  situated  in  that  pitrt 
of  the  middle  distiict  which  extends  from 

•  ■ 

Derbyshire  to  Northumberland  and  that  part 
of  Wales  bordering  the  Bristol  channel.  See 
cliapters  fourth  and  ninth.  On  the  western 
side  of  Cumberland  the  coal  strata  border  a 
small  part  of  the  alpine  district,  and  dip 
under  the  sea.  The  strata  pn  the  eastern 
«de  of  the  island  generally  dip  or  decline 
to  the  south-east.  On  the  west  of  the  line 
marked  C.  C.  they  are  more  broken,  and  dip 
in  various  directions.  The  line  C.  C.  is  con- 
tinued from  Derbyshire  through  the  southern 
counties,  to  denote  that  no  valuable  metal- 
lic veins  are  found  east  of  it  in  any  part  of 

England. 
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England. Along  the  western  side  of  the 

island  thepiimarynnd  transition  mountains  ara 
muatedf  in  which  metallic  ores  occur.  They 
constitute  the  alpine  parts  of  England,  extend* 
ing  from  Cornwall  and  Devonshire,  through 
Wales,  into  the  north-west  parts  of  Yorkshire 
and  Lancashire,  and  through  Westmoreland 
and  Cumberland,  and  from  thence  to  the 
northern  part  of  Scotland :  they  are  coloured 
red.  In  the  direction  E..  £.  all  the  rock  salt 
and  most  of  the  brine  springs  are  situated : 
other  particulars  in  the  geology  of  England 
will  be  subsequently  adverted  to.  The  writer 
is  not  aware  tliat  this  arrangement  has  been 
before  noticed :  it  is  introduced  here,  to  ex* 
cite  the  attention  of  persons  entering  on  the 
study  of  geolog}%  who  may  be  more  impressed 
by  local  illustrations  than  by  general  descrip- 
tions. 

Three-fifths  of  the  surface  of  the  globe  are 
covered  by  the  sea,  the  average  depth  of 
which  has  been  estimated  at  from  five  to  ten 
nules:  but  great  changes  have  taken  place  in 
the  relative  level  of  the  present  continents 
and  the  ocean,  which,  in  former  ages,  rolled 
il<  waves  over  the  summits  of  the  highest 
mountains.     Of  this,   demonstrative   proofs 

oxifit 
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exist  in  our  own  island  and  in  various  parU 
of  the  world. 

The  calcareous  or  limestone  mountains  in 

Derbyshire,   and  Craven  in  Yorkshire,  rise 

to   the   height  of  about  two  thousand  ieet 

above  the  present  level  of  the  sea.     They 

contain  through  their  whole  extent  fossil  re-* 

mains   of  zoophytes,   shellfish,  and   marine 

animals^  but  more  abundantly  in  some  parts 

than   in  others.     Particular  species   occupy 

almost  exclusively  distinct  beds,  and  in  some 

situations  the  whole  mass  appears  a  compact 

congeries  of  these  marine  organic  remains*. 

Jn    Derbyshire   the  beds   of  limestone   are 

separated  by  different  beds  of  a  stone  called 

loadstone,  varying  in  thickness  from  fifty  to 

one  hundred  and  fifty  feet,  in  which  are  ixo 

organic  remains;     but  we  meet  with  them 

again  whenever  we  come  to    the  limestone 

either  above  or  below  the  toadstone. 

The  distinct  characters  which  the  organic 
relics  found  in  the  separate  beds  in  these 
mountains  present,  prove  that  they  have  not 
been  brought  there  by  any  sudden  inunda* 
tion.  They  must  have  remained  for  ages 
under  the  ocean  prior  to  their  elevation  above 
its  surface. 

The 
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The  mountains  of  the  Pyrennees  are  co« 
vered  in  the  highest  part  at  Mont  Perdu  with 
calcareous  rocks  containing  impressions  of 
marine  animals;  and  even  where  the  impres- 
sions are  not  visible  in  the  limestone,  it  yielda 
a  fetid  cadaverous  odour  when  dissolved  in 
acids,  owing,  in  all  probability,  to  the  animal 
matter  it  contains*  Mont  Perdu  rises  ten 
thousand  five  hundred  feet  above  the  level  of 
the  sea ;  it  is  the  highest  situation  in  which 
any  marine  remains  have  been  found  in 
Europe*.  In  the  Andes  they  have  been  ob- 
served by  Humboldt  at  the  height  of  four- 
teen thousand  feet. 

In  England,  the  calcareous  mountains  I 


*  By  a  recent  admeasurement^  it  appears  that  the 
dtitude  of  Mont  Perdu  is  considerably  less  than  is  here 
iCated ;  but  the  accuracy  of  this  admeasurement  may  be 
doubted^  as  these  mountains  are  distinctly  visible  at  the 
distance  of  one  hundred  and  twenty  miles.— Cette  mon- 
tagne  est  non-seulement  la  plus  haute  des  Pyrennees^  elle 
esc  encore  la  plus  fierce  de  ndtre  hemispheres  oh  Ton 
trouve  dcB  debris  organidiques :  elle  est  de  tous  les  monu- 
mens  connus  des  deniiers  travaux  de  la  mcr  la  plus  con- 
siderable par  sou  volume^  et  la  plus  rcmarquable  par  sa 
structure;  un  parcil  terrein  est  classique  pour  Tetude  des 
montagnes  sccondaircs,  ct  pour  I'histoire  des  demi^res  r6- 
whitions  du  globe.— 3i.  Rai/mond. 

liave 
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have  described  contain  no  remains  of  vege« 
tables;   but  in  the  thick  beds  of  shale  and 
sandstone  lying  upon  them  are  found  vari^ 
ous  vegetable  impressions,  and  above  these 
regular  beds  of  coal,  and  sometimes  straw 
contiuning  shells  of  muscles*     In  the  earthy 
limestone  of  the  upper  strata  are  found  fossil 
flat  fish,  with  impressions  of  the  scales  and 
bones  quite  distinct;  in  these  strata  we  also 
meet  with  fossil  remains  of  the  alligator,  axA 
with  numerous  zoophytes,  different  from  those 
in  the  lower  rocks ;  and  lastly,  in  the  beds  of 
clay  covering  chalk,  the  bones  of  the  rhino- 
ceros, the  elephant,  and  the  mammoth,  ar& 
not  uncommonly  discovered.     The  sagacnous 
naturalist  Cuvier  has  examined  these  bonesi 
from  different  parts  of  the  world  with  much 
attention,  and  has  observed  characteristic  vai^ 
nations  of  structure,  which  prove  that  the 
greater  part  belong  to  animals  not  now  exist- 
ing on  our  globe :  nor  have  many  of  the  va-- 
rious  zoophytes  and  shell  fish,  found  in  cal- 
careous rocks,  been  discovered  in  our  present 

seas. 

ft 

The  fossil  remains  of  animals  not  now  in 
existence,  entombed  and  preserved  in  solid 
rocks,  present  us  with  durable  monuments  of 

the 
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the  great  changes  uliicb  our  planet  has  un- 
dergone in  former  ages.  We  are  carried 
tiBck  to  a  period  when  the  waters  of  the  ocean 
bare  covered  the  summits  of  our  highest 
mountains,  and  are  irresistibly  compelled  to 
sdinit  one  of  two  conclusioa'^,  cither  that  the 
aea  has  retired  and  sunk  far  below  its  former 
level,  or  some  power  operating  from  beneatK 
has  lifted  up  the  islands  and  continents,  with 
their  bills  and  mountains,  from  the  watery 
abyss  to  their  present  elevation  above  its 
sur&ce. 

These  organic  remains  present  also  un- 
deniable proofs  of  another  fdct  equally  in- 
teresting. Every  regular  stratum  in  which 
ifaey  are  disseminated,  was  once  the  upper- 
most rock,  however  deep  it  may  be  below 
tbe  present  surface,  or  with  whatever  rocks  it  il 
may  now  be  covered.  This  inference  ia  not 
the  less  conclusive,  whether  we  suppose  that 
the  animali  lived  and  died  where  their  re- 
mains occur,  or  whether  they  were  aggr^ 
gated  and  carried  by  marine  currents  into 
their  present  situation.  Hence  we  learn  that 
the  secondary  strata  were  formed  in  succes- 
non  over  each  other,  and  thus  these  fossil 
reaoaiiu  preserve  the  records  of  the  ancient 
c  condition 
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condition  of  our  planet,  and  the  natural  hi« 
story  of  its  earliest  inhabitants*.  The  un- 
known causes  by  which  zoophytes,  fish,  ve<» 
getables,  and  quadrupeds  were  buried  in  se- 
parate strata,  operated  at  distant  intervals 
of  time ;  for  these  different  organic  remains 
are  not  found  intermixed  together,  except  in 
alluvial  soil  near  the  surface,  or  in  stony 
masses  formed  from  the  fragments  or  de- 
biis  of  various  rocks  which  have  been  broken, 
down,  and  subsequently  consolidated,  as  in 
the  fissures  of  the  Ccdcareous  rock  at  Gib- 
raltar. If  the  bones  of  man,  or  of  qua- 
drupeds resembling  existing  species^  have 
casually  been  found  with  fossil  remains  pe- 
culiar to  the  lower  or  more  ancient  strata,  I 
believe  a  careful  examination  of  all  the  cir- 
cumstances would  generally  explain  the  ap- 

*  An  opinion  has  lately  been  advanced  by  Professor 
Janiicson,  in   the   Memoirs  of   the  Wemerian   Society,, 
vol.  ii.  tliat  many  of  the  secondary  strata  are  cf  cotempo- 
raneous  formation  5  but  the  existence  of  organic  remains 
IS  a  demonstrative  proof  that  tiic  strata  in  which  they  occur' 
were  formed  in  succession  over  each  other ;  for  it  will  not  • 
s^iirelv  be  maintained  tiiat  the  marine  aninicds  in  a  lower 
^trRtll^l  were  coexistent  with  those  found  in  the  rocks  which 
c  over  them,  whicli  are  generally  of  a  different  species  or  * 
genus. 

parent 
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(mrent  anomialji  '  I  shall  state  some  remarks 
able  facts  of  this  kind. 

In  sinkifig  for  lead   in  a  mountain  near 
Wirksworth,  in  Derbyshire,  in  1663,  a  ca- 
vern was  unexpectedly  discovered,  in  which 
was  found  the  entire  skeleton  of  an  elephant; 
its  skull  wa9  so  large,  that  it  is  stated  to  have 
held  four  bushels  of  corn.     One  of  the  teeth 
I  have  seen  in  the  possession  of  Mr*  Watson, 
of  BakewelL     There  can  be  little  doubt  that 
this  cavern  had  once  been  open,  and  was  af* 
terwards  closed  by  the  deposition  of  calca* 
reous  earth  forming  stalactites,  instances  of 
which  are  common  in  Derbyshire.     Into  this 
ca\'e  I  conceive  the  animal  had  retired  to  die, 
at  a  period  long  after  the  existence  of  the 
marine  animals  which  are  imbedded  in   the 
surrounding  rock. 

The  other  instance^  apparently  mbre  sur- 
prising, lately  came  to  my  knowledge  when 
engaged  in  a  mineralogical  examination  for 
the  Elarl  of  Moira,  in  the  vicinity  of  Ash  by 
de  la  Zouch,  in  Leicestershire :  it  will  evince 
how  cautious  we  ought  to  be  in  drawing  ge- 
neral conclusions  in  geology  from  single  facts. 
A  thick  bed  of  coal  belonging  to  his  lordship, 
at  a  place  called  Ashby  Wolds,  is  worked  at 

c  2  the 
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the  depth  of  two  hundred  and  tweoty-firc 
yards ;  it  is  covered  with  various  strata  of 
ironstone,  coul,  and  solid  rock.  On  an  estate 
adjoining  to  his  lordnhip's  manor,  in  the  same 
bed  of  coal,  (which  is  ninety-seven  yards  be- 
low the  surface,)  the  entire  skeleton  of  a  man 
was  found  imbedded.  No  appearance  existed 
of  any  former  sinking  for  coal ;  but  the  pro- 
prietor ordered  passages  to  be  cut  in  different 
directions,  until  the  indication  of  a  former  pit 
was  discovered,  though  the  coal  had  not  been 
worked.  Into  this  pit  the  body  must  have 
fallen,  and  been  pressed  and  consolidated  in 
the  loose  coal  by  an  incumbent  column  of 
water,  previously  to  the  falUng  in  of  the  sides 
of  the  pit. 

The  imperfect  skeleton  of  a  woman,  im- 
bedded in  a  kind  of  calcareous  sandstone,  re- 
cently brought  from  Guadaloupe,  and  ex- 
hibited in  the  British  Museum,  may  appear 
to  invalidate  what  was  asserted  in  the  first 
edition  of  this  work,  that  no  instances  have 
been  known  of  human  bones  being  found  in 
regular  stratified  rocks,  nor  even  in  undis- 
turbed alluvial  ground,  where  the  remains  of 
extinct  species  of  quadrupeds  are  not  un- 
frequeatly  met  with.     Due  attention  to  all 

tbft 
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9  circumstances  will  reconcile  that  assertion 
with  tiie  present   fact     The  skeleton  from  ] 
Guadaloupe  is  described  as  having  been  found  I 
on  the  shore   below  the  high-water  mark,  j 
among  calcareous  rocks  formedof  madreporesj  | 
and  not  far  from  the  volcano  called  the  Sou&  ] 
friere.     The  bones  are  not  petrified,  but  pre*  ] 
serve  the  usual  constituents  of  fresh  bone,  and  J 
were  rather  soft  when  first  exjiosed  to  the  air. 
Specimens  of  the  stone  which  I  have  in  ray  j 
possession,  that  were  chipped  from  the  same  I 
block,  present,  when  examined  with  a  leo^  | 
the  appearance  of  smooth  grains  aggregated 
and  united  without  any  visible  cement.   Noi^  i 
it  is  well  known  that  on  the  shores  of  Sicily^ 
and  other  parts  of  the  world,   heaps  of  looaa  ] 
nnd  becumtj  consolidated  in  a  few  years*.  |t  1 
cannot  therefore  excite  surprise,  that  in  a  voU 
canic  island  like  Guadaloupe,  subject  to  vio*  I 
lent  convulsions  from  earthquakes   nnd  im- 


•  According  to  Saus^ure,  the  loose  sands  in  the  Gulf  I 
•f  McMHia  became  so  firmly  consolidated  ui  three  or  font 
JV^n,  as  la  xerve  fur  millstones.     This  he  attributes  to  B 
olcareous  infiltration ;  but  it  may  he  doubted  whether  tbia 
•ofiltrucd  liquor  does  not  contuin  silex,  ns  silex  is  knowq  | 
IB  txiu  in  the  warm  tpiings  of  volcanic  district!. 

»  -  petuoui'  J 
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petuoos  hurricanes^  human  bodies  should  oc^ 
casionally  be  discovered,  that  have  been  en- 
veloped in  driving  sands,  which  have  subse- 
quently become  indurated.  The  situation  of 
this  skeleton  near  the  sea  shore,  the  state  of 
the  bones,  and  the  nature  of  the  stone  in 
which  they  are  imbedded,  take  away  the  pro» 
bability  of  their  high  antiquity. 
.  The  absence  of  human  reliquiae  in  stratified 
rocks,'  or  in  undisturbed  alluvial  ground,  would 
appear  to  indicate  that  man  is  the  most  re* 
cent  tenant  of  the  globe,  and  is  coincident 
with  the  oldest .  records  or  traditions  of  the 
human  race.  Those  who  are  desirous  of  pur* 
suing  .such  inquiries  may  consult  Parkin* 
son  8  Organic  Remains,  and  the  elaborate  re-^ 
searches  of  Cuvier.  Sufficient  has  been  ed* 
vanced  to  prove  that  great  revolutions  havo 
changed  the  antient  condition  of  the  globe ; 
and  the  changes  now  taking  place  in  distant 
parts  -of  the  world,  by  the  agency  of  sub* 
terranean  fires,  are  too  important  and  ex-^ 
tensive  to  adinit  us  to  believe  that  our  planet 
is  an  inert  mass,  agitated  at  intervals  by  the 
blind  fury  of  tumultuous  elements.  The  same 
wisdom  which  regulates  the  e:5ternal  universe 

has 
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has  also  ^'  laid  the  foundations  of  the  inner- 
most parts  of  the  eartii/'  and  appointed  de- 
teiminate  laws,  by  which  its  surface  is  re- 
novated, and  adapted  to  the  support  of  ve- 
getable and  animal  life. 
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CHAPTER  II. 

ON  THE  STBUCTURE   AND    COMPOSITION 

OF    E0CE8. 

I 

-     # 

Terms  en^fkyed  in  Geology. — Rocks,  Smpk  or 
Confound:  Varieties  of ' thdr  internal  Structure. 
— External  Structure  of  MountainrMasses : 
— Indeterminate^  Strati/ied,  Columnar,  Tabular^ 
and  Ghhular: — the  three  latter  the  Effects  of 
CrystaUization  en  Masse.-r-Tabular  Structure 
erroneously  confounded  with  the  Stratified.-^ 
Elementary  Substances. — Minerals  of  which 
Simple  and  Compound  Rocks  are  principalhf 
farmed. 

JNo  inammate  objects  on  the  terreatrial 
globe  excite  in  the  mind  such  sublime  emo- 
tions, as  the  immediate  presence  of  lofty  and 
precipitous  mountains  that  rear  their  heads 
in  awful  silence  amidst  the  clouds,  and  secure 
in  their  immensity  remain  unchanged,  whils 
successive  generations  and  empires  pass  away 
irom  the  earth. 

*  « 

^^  Surely  there  is  a  hidden  power  that  reigns 
'Mid  the  lone  majesty  of  untamed  nature 
Controlling  sober  reason——** 

To  the  geologist  such  scenes  are  peculiarly 

interesting ; 
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irestins: ;  for  rt  is  here  he  must  reccivi 
most  instructive  lessons,  and   leurn  the  aa>  1 
tient  and  present  condition  of  the  globe. 

It  mav  be  advanced  as  an  additionLiI  re-  I 
commendation  to  tHe  study  of  geology,  that  ] 
it  leads  its  votaries  to  explore  alpine  districfci,  [ 
where  the  surrounding  scenery  and  the  suIih  | 
britv  of  the  air  conspire  to  invigorate  tfao  J 
health,  and  give  to  the  mind  a  certain  degree  ] 
of  elasticity  and  freshness,  which  will  enable  j 
them  on  their  return  to  discbarge  with  I 
greater  alacrity  the  duties  of  active  and  j 
social  life. 

However  dehghtful  or  inviting  any  ne»  ] 
tnce  may  be,  the  knowledge  of  it  must  be 
ided  by  the  irksome  labour  of  learninj  J 
ib  termsj'^for  every  science  has  a  language'  1 
peculiar  to  itself.  It  were  much  to  be  d&t  i 
kired  that  this  te-chnicul  lunguage  siiould  not  i 
deviate  more  than  is  absolutely  necessary  1 
from  that  of  common  life ;  and  such  will  b*  I 
the  case  whenever  plain  sense  shall  be  moi*  ■ 
valued  than  pedantic  affectation. 

The  first  persons  who  directed  the  atteit»-J 
tion  of  men  of  science  to  the  mineral  kingt 
dom  were  Germans,  and  the  names  they  in* 
troduccd  from  the  working  miners  of  their 

own 
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own  country,  though  unmeaning  and  barba- 
rous, have  been  received  without  examina^ 
tion :  it  is,  Iiowever,  so  desirable  that  each 
substance  or  mode  should  have  only  one 
name,  that  it  ie  generally .  better  to  retain, 
lerms  in  conimon  use,  than  to  substitute  a 
different  nomenclature;  but  the'  progress  of 
science  sometimes  renders  indispensable  the 
introduction  of  new  words,  and  the  rejection 
of  old  ones-^"  Dies  diem  docet.'*  1  ofl&r 
these  remarks  as  an  apology  to  the  general 
reader,  for  any  quaintness  which  he  may  pei^ 
ceive  in  the  terms  employed  in  describing 
the  characters  of  rocks  and  minerals ;  it  is 
iny  intention  to  render  the  technical  It^n^ 
^uage  as  simple  as  is  consistent  with  requW 
site  precision. 

The  external  character  and  physical  quails 
ties  of  the  minerals  which  compose  rocks 
claim'  the  first  attention  of  the  geologist.  A 
mineral  or  an  entire  rock  is  denominated 
SIMPLE,  which  presents  to  the  sight  oiie 
unmixed  homogeneous  substance,  whatever 
he  the  constituent  elementary  parts  of  which 
it  may  be  composed.  Such  are  limestone, 
roofslate,  and  serpentine.  Compound  rocks 
nre  composed  of  different  mineral  substances^ 

•    whicli 
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vfaich  are  either  cemen/i;//  by  another  mineral 
substance  that  senses  to  unite  tliem,  as  in 
candstone  and  puddingstones,  or  crystallized 
and  united  without  a  cement,  as  in  granite. 

Fragments  of  stone  broken  from  simple 
rocks  display  the  structure  of  the  internal 
parts*.  This  internal  structure  may  be  de- 
nominated the  stony  structure,  and  is  either 
Compact^  without  any  distinguishable  parts 

or  divisions— or 
Rarthyj  comprised  of  minute  parts  resem- 
bling dried  earth. 
Granular^  composed  of  grains. 
Fibrous^  composed  of  long  and  minute  fibres. 
liadiated^  when  the  fibres  arc  broader  and 

flattish,  and  so  large  as  to  be  distinctly 

visible. 
Lamellar  or  Foliated^  composed  of  minute 

plates  laid  over  each  other  in  different 

directions. 
PorouSj  penetrated  by  pores. 
Cellular  or  Vesicular^  when  the  pores  swell 

into  rounded  cavities  like  bladders,  as  in 

some  lavas. 


*  The  face  of  the  broken  part  is  called  the  fracture,  tlic 
ronchoiclal  fracture  cotiblsts  of  concavities  and  convexities 
like  the  impression  of  shells. 

Slaty 
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Slaty  or  Laminar,  composed  of  straight  ] 
raliel  thin  plates,  or  laminae. 
The  structure  of  compound  rocks  may  also 
be  Siafy, — or 
CranitiCy  composed  of  grains  or    crystals 

closely  united  without  a  cement. 
Forphyritict  consisting  of  a  compact  ground 
in  which  distinct  crystals  are  imbedded, 
or  of  a  granitic  ground  in  which  some  of 
the  crystals  are  much  larger  than  the 
rest 
Amygdahidal,  (from  the  Latin  amygdala  an 
almond,  on  account  of  the  kernel-shaped 
cavities,)  when  composed  of  a  compact 
ground   with  cavities  which  have  been 
filled  up  with  another  mineral  substance. 
Conglomerated^   composed  of  fi-agments  or 
rounded  stones  cemented  together,  as  io 
breccias  and  puddingstone. 
The  external  structure  of  rocks  en  masse^ 
or  considered  as  mountain  masses,  is  as  di- 
stinct  from    their   internal  structure  as  the 
shape  of  a  building  from  that  of  the  bricks  or 
stones  of  which  it  is  composed,  though  this 
distinction    h:is    been  generally    overlooked. 
The  external  structure  of  rocks,  as  forming 
'imountain  masses,  may  be 

Straiifitd, 
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Stratified,  or  stratiform. 

Tabular,  or  in  large  plates. 

Columnar^  or  polygonal. 

Globular^  or  in  spherical  masses. 

Indeterminate,  which  includes  all  unstm*  I 
tiBctt  rocks  that  have  no  determinate  shape. 

Stratified  mountains  or  rocks  are  those 
which  are  composed  of  layers  of  stone,  laid 
over  each  other,  and  divided  by  parallel 
seams  Uke  the  leaves  of  a  closed  book.  In 
these  seams  or  partings,  which  divide  the 
itrata,  there  are  frequently  thin  laminte  of 
aoft  earthy  matter ;  but  sometimes  the  sur- 
fecc-'i  of  the  upper  and  lower  stratum  are  so 
closely  jomed,  that  it  requires  a  consider- 
able force  to  separate  them.  These  layers  are 
denominated  strata;  they  extend  through  the 
whole  mountain  or  mass,  their  length  and 
breiidtfa  being  much  greater  than  their  thick- 
ness. If  the  thickness  of  any  stratum  ex- 
ceed two  or  three  yards,  it  is  more  usually 
denominated  a  bed ;  and  if  it  lie  between  beds 
of  stone  of  a  different  kind,  it  is  said  to  be 
imbedded.  Strata  always  decline  or  dip 
down  to  some  point  of  the  horizon,  and  of 
course  rise  towards  the  opposite  point.  A 
line  drawn  through  these  points  is  called  the 

line 
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line  of  their  dip;  another  line  drawn  at  rigbf 
angles  to  this,  marks  the  course  along  which 
the  strata  stretch  out  to  the  greatest  exteAt ; 
— it  is  called  the  line  of  bearing.  If  a  book 
be  raised  in  an  inchned  position,  with  the 
back  resting  length^vays  upon  the  table,  the? 
leaves  may  be  supposed  to  represent  different 
strata;  then  the  direction  of  the  leaves  from 
the  opper  edges  to  the  table  will  be  the  line 
of  dip,  and  their  direction  lengthways  the  line 
of  bearing;  and  the  angle  they  make  with 
the  table  will  be  the  angle  of  inclination^ 
Strata  are,  however,  sometimes  waved  or* 
bent  ifl  both  their  directions,  and  are  fre- 
quently broken;  which  makes  it  more  diffi- 
cult to  ascertain  their  true  position. 

It  is  generally  supposed  that  stratified 
rocks  were  formed  by  the  motion  of  water^ 
which  arranged  them  in  succession  over  each 
other  in  the  same  manner  as  the  muddy  waves 
of  the  ocean  deposit  their  contents  in  regular 
layers  upon  the  shore.  This  mode  of  for- 
mation is  called  mechanical  deposition.  It 
has  also  been  erroneously  though  generally 
believed,  that  all  rocks  divided  by  parallel 
•earns  into  separate  layers,  were  formed  me- 
chanically by  the  same  means.     Thus,  slate 

has 
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has  been  represented  as  ^^  most  distinctly 
Gratified/'  because  it  divides  into  layers  or 
plates ;  but  this  division  is  the  efl^ect  Qf  its 
chemical  composition,  and  genei*ally  owin^ 
to  the  magnesian  eartli,  or  to  the  mica,  >vhich 
it  contains.  It  is  the  result  of  crystallization, 
or  the  internal  arrangement  of  the  particles, 
as  evidently  as  the  laminae  in  a  crystal  of  fel- 
spar, or  in  a  plate  of  mica ;  and  with  equal 
propriety  might  we  say  that  a  plate  of  a  cry- 
stal was  stratified  as  a  plate  of  slate.  The  di« 
vision  of  the  laminae  of  slate  is  frequently  in 
a  different  direction  from  that  of  the  thick 
plates  which  have  been  culled  strata,  a  deci-> 
sii'e  proof  that  the  blaty  structure  is  not  ow- 
ing to  stratification.  The  structure  which  is 
caused  by  chemical  agency,  or  by  crystalli- 
zation, ought  not  to  be  confounded  with  me- 
chanical depositions.  I  believe  a  proper  at* 
tention  to  this  ditlcrence  would  remove  many 
difficulties  from  geology. 

The  tabular  structure  consists  of  tables  or 
plates  of  rock,  separated  by  seams  which 
have  generally  a  vertical  direction.  This  lias 
been  confounded  with  stratification,  and  has 
}ii\en  rise  to  much  confusion  and  contradic- 
tion in  the  descriptions  of  rocks  and  monn- 

tain*i; 
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tains ;  some  geologists  asserting,  and  others 
denying,  the  stratification  of  tlie  same  rock. 
The  laws  of  crystallization  have  but  recently 
attracted  the  attention  of  philosophers,  and 
their  researches  have  been  hitherto  confined 
to  effects  on  a  small  scale*  The  crystallisa* 
tion  of  mountain  masses,  however,  is  equally 
deserving  notice,  as  to  this  is  owing  the  co«» 
lumnar,  the  tabular,  and  the  globular  struc- 
ture of  rocks  :  but,  Uke  the  crystallization  of 
smaller  substances,  this  structure  is  more  or 
less  regular,  and  they  pass  by  every  grada- 
tion from  the  most  perfect  symmetrical  ar« 
rangement  to  an  indeterminate  shapeless 
mass. 

The  columnar  structure  is  peculiar  to  ceri^ 
tsiin  rocks,  which  are  divided  into  polyhedral 
prisms,  or  large  crystals,*  that  are  frequently 
laid  regularly  on  each  other,  and  form  vast 
ranges  of  natural  columns,  as  at  Sta&,.  the 
Giant's  Causeway,  in  Iceland,  and  in  many 
volcanic  countries. 

The  globular  structure  consists  of  balls  of 
difierent  sizes,  sometimes  detached,  at  other 
times  imbedded  in  rocks  of  the  same  kind. 
These  balls  are  frequently  composed  of  con^ 
centric  spherical  layers. 

However 
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Hovfe\'er  numerous  the  varieties  of  stones 
or  rocks  may  be,  the  elementary  substances 
of  which   they  are  composed  are  very  few. 
They  consist  principally  of  tlie  four  earthsi 
silex,  claVi  time,  magnesia,  and  of  the  oxy4J 
of  iron.     The    other  solid  substances   mosHJ 
nbuadant  in  the  mineral  kingdom  are  carboifJ 
and  sulphur.     From  the  five  tirst-mentioned 
substances,    more    than    nineteen    parts 
twenty  of  the  external  parts  of  our  planet  e 
composed. 

Of  these,  sile^r,  or  the  earth  of  Hints,  is  tb 
most  abundant,- particularly  in  the  priman 
mountains.     It  derives   its   name   from 
Latin  word  for  flint,  which  is  almost  entirely 
cpoiposed  of  this  earth:    it  also  exists  nearly^ 
pure  in  rock  crystal,  and  the  mineral  calla 
<{uartz.     Stones  or  rocks  of  wliich  silex  form 
predominant  part  are  extremely  hard;4| 
strike  fire  with  steel :   such  rocks  are  de*^ 
linated  siliceous. 
Clai/,   or  Aluminc, — Latin,   argilla, — Fr.fJ 
argillet — is  a   substance  which  in  a  mixed.  I 
^tate  Ls  well  known  ;  but  pure  unmixed  clay"*! 
is  one  of  the  rarest  substances  in  the  mineral  •* 
kingdom.     This  earth  is  soft,  smooth,  and>i 
unctuous  to  the  touch;   it  strongly  absorl 
D  water. 
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water.  Where  it  exists  in  stones  in  the  pro- 
portion of  thirty  per  cent,  it  communicates 
in  some  degree  these  properties  :  such  rooks 
are  called  argillaceous ;  they  generally  con- 
tain a  notable  portion  of  iron,  which  appears 
to  have  a  greater  affinity  for  this  earth  thai> 
for  any  other*. 

Lime^ — Lat.  cahf — Fr,  chaux^ — is  a  well- 
known  earth  combined  with  carbonic  acid, 
in  which  state  it  forms  limestone,  marble, 
and  chalk:  these  only  differ  from  each  other 
by  different  degrees  of  hardness,  or  of  cry- 
stallization. Mountains  composed  of  lime 
are  denominated  calcareous.     When  lime  is 


*  Though  clay  communicates  a  soft  quality  to  most 
stones  of  which  it  forms  a  principal  constituent  part^  a 
fnery  remarkable  exception  to  this  is  offered  in  adamantine 
spar  and  the  sapphire,  which  nearly  equal  the  diamond  in 
hardness*  Klaprotb,  one  of  the  most  laborious  and  emi' 
iient  chemists  of  the  present  age,  has  analysed  these  stones: 
the  former  contains  90  parts  in  the  100  of  pure  clay;  the 
latter  95  parts  in  the  same  quantity.  ^^  What  a  high  de- 
gree of  cohesive  power  (he  observes)  must  nature  command^ 
to  be  able  to  transform  such  a  common  substance  as  clay 
(aluminous  earth)  into  a  body  so  eminently  distinguished 
and  ennobled  as  the  sapphire  by  its  hardness,  brilliancy^ 
and  its  resistance  to  the  action  of  fire,  of  acids,  or  the 
effects  of  all -destroying  time  V'^^KIaprolh's  Essay  s% 

united 
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liled  with  siilplumc  acid,  it  forms  ilie  stone 
id  gypsum,  which  is  softer  tiian  limestoncj 
does  not,  like  it,  piForvescc  wltli  acids. 
Calcareous  enrtli  mixed   with  coixinion  clay 
ibmis  marie. 

tgnesia  has  rarely  been  found  pure  in 
itive  state.  It  enters  into  the  coniposi- 
>a  of  some  rocks,  to  wliich  it  generally  com- 
municates a  soapy  feel,  a  striated  or  striped 
texture,  and  sometimes  a  greenish  colour. 

Iron  appears  to  be  more  abiuidaiit  than 
magnestan  earth;  it  forms  a  constituent  part 
of  numerous  rocks  and  stones ;  to  it  they 
most  frequently  owe  their  colour ;  the  earths 
when  pure  are  white.  Iron  wlien  in  combina- 
tion with  the  earths  is  like  them  an  oxyd,  or 
a  luelal  united  with  o.\ygen.  To  the  pre- 
sence of  iron,  the  increase  of  specific  gravity 
in  all  stones  or  earthy  minerals'  may  be  at- 
tributed, if  it  much  exceed  2,  5,  or  approach 
other  words,  if  they  are  nearly  three 
heavier  tbaii  an  equal  bulk  of  water. 
and  the  earths  barytes  and  strontiun 
exceptions,  but  these  never  form  entire 
;ks.  The  presence  of  iron  not  only  In- 
is  the  weight,  and  darkens  the  colour 
rocks  and  stones,  but  is  oni^  prin* 
u  2  cipal 
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cipal  means  of  their  decomposition.  For  iron 
exists  in  stones  in  two  states  of  oxygenation, 
as  the  black  or  the  red  oxyd.  When  the  for- 
mer is  exposed  to  air  and  moisture,  it  absorbs 
a  greater  portion  of  oxygen,  and  is  convert- 
ed into  a  brown  ochery  incrustation,  which 
peels  off,  and  exposes  a  fresh  surface  of  the 
stone  to  a  similar  process.  A  minute  portion 
of  oxyd  of  the  metal  called  manganese  is  also 
found  in  some  rocks  and  stones. 

The  abovementioned  substances*,  either 
separately  or  combined,  form  all  the  simple 
minerals,  constituting  compound  rocks ;  and 
as  these  are  of  frequent  occurrence  in  ge- 
ology, a  brief  description  of  the  most  im- 
portant may  be  of  use  to  those  who  are 
entering  on  the  study.  These  are  quartz, 
felspar,  mica,  talc,  chlorite,  hornblende,  ser- 
pentine. 

Quartz  occurs  in  masses,  in  grains,  in 
rolled  pieces  or  pebbles,  and  in  crystals.    It 


•"^ 


*  These  substances  may  probably  be  reduced  to  still 
simpler  elements,  as  it  is  now  ascertained  that  the  earths 
are  metals  united  with  ox)'gen;  and  it  is  also  probable  that 
the  metals  have  all  one  common  base.  We  shall,  however, 
still  consider  those  substances  as  simple,  which  are  not 
known  to  exist  in  nature  in  a  decompounded  state, 

is 
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one  of  the  hardest  minerals  of  which  moun- 
masses  are  composed ;  it  gives  plentiful 
ks  with  steel;  it  breaks  with  a  smart 
stroke  of  the  hammer;  the  surface  of  the 
fracture  in  crystalUzed  quartz  is  conchoidal, 
io  ancrystallized,  splintery; — the  lustre  is 
vitreous.  Crystals  of  quartz,  or  rock  crystals, 
as  they  are  commonly  denominated,  have 
difierent  degrees  of  transparency  ;  the  blue 
varieties  are  ametliysts.  The  most  common 
forms  of  the  crystals  are  six-sided  prisms  ter- 
minated by  six-sided  pyramids,  or  two  six- 
sided  pyramids  united,  forming  a  dodecahe- 
dron whose  faces  are  isosceles  triangles.  Un- 
crystallized  quartz  is  seldom  transparent, 
most  frequently  translucent,  but  sometimes. 
opaque.  Its  colours  are  various  shades  of' 
white,  gray,  brown,  yellow,  red,  and  green. 
It  yields  a  phosphorescent  light  and  peculiar 
odour  when  rubbed.  Quartz  is  composed  of 
siliceous  earth  combined  with  a  very  small 
portion  of  alumine.  It  is  infusible  when  un- 
mixed ;  but  with  alkalies  it  melts  easily,  and  _ 
forms  the  well  known  substance  called  glassj 
It  is  not  acted  upon  by  any  acid  except  the 
fluoric.  Quartz  exists  in  veins  intersecting 
moimtaiiia,   and  it  sometimes  forms  large 
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beds,  ^and  even  entire  mountains,  which  dre^ 
composed  of  this  mineral  in  grains  unite«i 
without  a  cement,  called  granular  quartx. 
Fragments  or  crystals  of  quartz  are  comnrion 
in  compound  rocks.  Grains  of  quartz  form 
a  principal  constituent  part  of -most  sand^ 
stones.  The  tiiilk  white  pebbles  in  gravel  are 
composed  of  quartz.  Flint,  chert  or  horn* 
stone,  opal,  chalcedony,  and  agate,  are  dit- 
fei^nt  modifications  of  siliceous  earth,  which 
in  their  chemical  composition  differ  little  from 
quartz.  Combined  with  a  large  portion  of 
alumine  and  iron,  quartz  loses  its  translucency 
and  passes  into  jasper,  which  forms  beds  in 
primitive  mountains,  and  is  said  to  compose 
the  substance  of  entire  ranges  of  mountains^ 
in  Asia. 

Felspar  or  feldspar  (a  name  received 
from  the  Germans)  is  a  constituent  part  of 
numerous  rocks.  It  is  hard  in  a  somewhtit 
less  degree  than  quartz,  and  is  more  easily 
broken.  It  is  laminar,  or  composed  of  thin 
laminae  or  plates,  by  which  it  may  be  gelie- 
rally  distinguished  from  quartz.  The  cry- 
stals are  most  commonly  four-sided  or  six- 
sided  prisms,  whose  length  is  greater  tiwin 
the  breadth.     It  has  a  shining  lustre.     The 

colours 
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colours  are  white,  gray,  milk  white,  yellow- 
ish, or  reddish  white,  sometimes  inclining  to 
green.  The  red  passes  through  various  shades, 
from  a  pule  to  a  deep  red.  Crystallized  fel* 
spar  is  tramlucent*.  It  may  be  melted  with- 
out the  admixture  of  alkahes,  and  forms  a 
glass  more  or  less  transparent*  which  quality 
it  derives  from  the  lime  or  alkali  that  compose 
part  of  its  constituent  ingredients;  but  dif- 
ferent specimens  of  diis  mineral  vary,  accord- 
ing to  the  analyses  of  the  same  chemist. 

Silex  63  —  74 

Alumine        17  —  14 
Potash  13  — 

Lime  3—6 

Oxyd  of  iron    1  — 
Loss  S  —    6 

Others  give  the  proportion  of  silex  46,  alu* 
mine. 24,  lime  6. 

The  existence  of  potash  or  the  vegetable 
alkali  in  fels[iar,  is  a  fact  deserving  particular 
attention :  it  may  be  owing  to  this  circum- 
stance that  felspar  is  so  frequently  observed 
in  a  soft  or  decomposing  state,  although  its 

*  In  the  language  of  mineralogists,  translucent  implies 
merely  the  transmission  of  light,  as  in  ground  glass, 
through  which  objects  cannot  be  seen. 

hardness 
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hardness  is  little  inferior  to  that  of  quartz 
^vhen  undecajed.  Those  felspars  which  are* 
durable  are  probably  free  from  potash.  Fel^ 
spar  is  sometimes  uncrystallized  and  com- 
pact, in  which  state  it  is  classed  by  the  French 
mineralogists  with  petrosilex  or  hornstx>ne* 
Compact -felspar  however  differs  from  horn- 
stone,  the  latter  being  infusible  without  the 
addition  of  alkalies. 

Mica  derives  its  name  from  the  Latin  mi" 
cansj  glittering.  It  is  known  as  the  sub- 
Stance  called  Muscovy  glass,  and  has  a  splen-^ 
dent  lustre.  It  consists  of  very  thin  leaves  or 
laminae,  which  may  be  easily  separated  with 
a  knife.  The  plates  are  clastic,  by  which  it 
may  be  distinguished  from  the  mineral  called 
talc.  The  thin  plates  are  transparent.  TI19 
colours  of  the  thick  plates  are  yellow,  gray, 
blackish  green9  white,  and  brown.  The  sur- 
&ce  may  be  scratched  with  a  knife:  it  melts 
into  an  enamel  with  the  blowpipe:  it  is  rarely 
met  with  crystallized. 

Talc  nearly  resembles  mica  in  appearance* 
The  plates  are  flexible,  but  not  elastic :  it  is 
much  softer  than  mica,  and  is  infusible ;  its 
colours  generally  incline  towards  green :  but 
it  is  sometimes  a  silver  white:  it  has  a  soapy 

feel. 
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feeh  Chlorite^  vhich  is  nearly  allied  to  talc, 
derives  its  name  from  chloroSy  the  Greek  word 
signifying  green.  This  mineral  is  of  a  darkish 
dull  green  colour ;  it  has  a  glistening  lustre ; 
its  structure  is  minutely  foliated ;  it  is  soft,  and 
rather  unctuous.  The  constituents  of  these 
three  minerals  are. 


Mica. 

• 

Talc. 

Chloritp, 

Silex 

SO 



62 

— 

41 

Alumine 

35 



2 

— 

6 

Lime 

I 

— 

— 

1 

Magnesia 

2 



27 

— 

40 

Oxyd  of  iron 

6 



3 

— 

10 

Water  and  Ices   6 

..^ 

6 

__ 

2 

but  these  proportions  vary  in  different  speci* 
mens. 

Hornblende^  to  which  the  French  give  the 
name  of  amphibole^  forms  a  constituent  part 
of  many  rocks,  and  appears  to  connect  the 
primary  with  those  which  are  of  volcanic  ori« 
gin.  It  is  of  a.  black  or  dark  green  colour : 
it  is  heavier  but  less  hard  than  quartz  or  fel* 
i>par;  it  may  be  scratched  with  a  knife,  and 
the  colour  of  the  streak  is  a  light  green :  it 
yields  a  bitter  smell  when  breathed  upon, 
and  melts  easily  into  a  black  glass.  Common 
hornblende  is  often  confusedly  crystallized  ; 
it  sometimes  forms  entire  mountains,  or  beds 

in 
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in  mountains,  and  is  very  commonly  met  with, 
in  granular  pieces,  as  an  ingredient  in  com* 
pound  rocks :  when  it  becomes  more  abun* 
dantly  and  minutely  disseminated  in  themi 
it  forms  what  are  denominated  trap  and  basal* 
tic  rocks,  whose  origin  has  greatly  divided  the 
opinions  of  geologists.  Hornblende  and  the 
rocks  to  which  it  is  most  nearly  allied  con- 
tain as  under: 


Hornblende. 

Basalt. 

Obsidian  or    Lava. 

volcanic  glass. 

JSilex 

42 

— 

44 

—      72      —      49 

Aluiuine 

8 

-— 

16 

—       12      —      35 

Magnesia 

16 

— 

2 

Lime 

9 

— 

9 

—  sometimes          4 

Oxyd  of  iron 

23 

— 

20 

f2  with  man-     12 
\     gauese. 

Soda 

— 

4 

—  6  with  potashf 

Manganese 

1 

Water  and  loss 

Another  mineral  substance  called  serpen* 
tincj  from  its  spotted  colours  resembling  the 
serpent's  skin,  will  afterwards  be  described  as 
forming  entire  rocks:  it  differs  in  composition 
from  hornblende  by  having  a  larger  portion 
of  magnesia  and  less  iron;  it  may  perhaps  be 
regarded  as  an  intimate  combination  of  horn- 
blende and  talc  or  chlorite.     Its  component 

parts, 
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jmrtBj  u^given  by  difierent  chemists^  are  as 
under: 

Alumine  18  —  23 

Magnesia  23  —-  34  —  33 

Irwf  3  —    4  —  14  withatraceofalumme*^ 

Lime  — .        .—    B 

Waterandloea  U  ~  10  ~    8 

From  these  analyses  it  is  evident  that  the 
specimens  vary  in  their  component  parts ;  iq 
some,  the  proportions  are  almost  the  same  as 
ia  bombleode;  in  others,  they  more  nearly 
agree  with  talc  and  chlorite. 

Perhaps  many  varieties  of  argillaceous 
fichistus  may  be  considered  as  intimate  mix« 
lures  of  hornblende,  felspar,  and  mica.  Horn-* 
blende  rocks  pass  by  gradation  into  slate. 

By  a  slight  variation  in  the  proportion  of 
the  ingredients,  or  by  the  union  of  two  or 
moreof  the  simple  minerals,  limestone,  quartz, 
felspar,  mica,  talc,  chlorite,  and  hornblende, 
all  rocks  both  simple  and  compound  may  be 
composed;  and  whoever  has  observed  the 
gradations  by  which  they  pass  into  each 
other,  will  be  more  inclined  to  contract  than 
extend  their  nomenclature.  A  few  names 
by  which  they  may  be  classed  under  differ- 
ent families,  appear  to  be  all  that  the  present 

state 
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*  state  of  the  science  will  admit;  but  these 
n^mes  must  be  accompanied  by  a  precise  de- 
scription of  the  individual  rock,  if  we  mean 
to  convey  useful  information.  No  general 
terms  can  be  used  that  will  comprise  the  infi* 
nite  variety  of  combinations  in  the  mineral 
kingdom ;  for  it  may  be  safely  affirmed,  that 
no  two  rocks  from  different  districts,  which 
have  the  same  name,  are  precisely  the  same: 
even  from  the  same  mass  of  rock,  two  pieces 
might  frequently  be  broken,  essentially  alike, 
though  differing  in  their  appearance,  which 
would  be  classed  as  different  substances  by 
those  who  view  nature  only  through  the  spec* 
tacles  of  artificial  arrahgementSt 


CHAP- 
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CHAPTER  III. 

OK  THE    POSITION    AND    ARRANGEMENT 
OF    ROCKS    AND    STRATA. 

Different  Positions  explained. — Relative  Ages  of 
Rocks  determined  in  some  Instances  by  their  Po* 
sition,  and  by  the  Substances  imbedded  in  them. 
— Appearances  presented  by  stratified  parallel 
RockSj  illustrated  by  a  Section  of  the  Country 
from  Sheffield  to  Castleton. — Excavation  of 
Valleys. — Valleys  formed  by  the  Dislocation  of 
Rocks  and  Strata. — Beds  of  Gravel:  Opinions 
respecting  their  Formation. — Transportation  of 
Blocks  of  Granite  to  distant  Countriesy  how  ef- 
fected.— Bones  of  large  Quadrupeds  transported 
without  Injury  by  similar  Operations, — Hills 
and  Mountains^  Obsercatiom  respectirig  their 
Declivities. 

1  u  E  relative  position  of  rocks,  or  the  order 
in  which  they  succeed  or  cover  each  other, 
and  the  manner  in  ^vhich  they  are  laid,  forms 
an  interesting  subject  of  geological  inquiry,  as 
it  is  intimately  connected  with  the  structure 
of  the  earth's  surface,  and  is  supposed  to  de- 
termine the  relative  ages  of  different  moun- 
tain masses.  The  German  geologists  assert 
that  the  primary  and  secondary  rocks  occur 

in 
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in  a  certain  determinate  order,  and  encircle 
the  globe  in  different  layers  like  the  coats  of 
an  onion.  According  to  this  system,  all  the 
principal  primary  and  secondary  rocks  are 
what  they  denominate  universal  formations, 
or  are  formed  universally  over  the  nucleus  of 
the  earth  in  a  regular  series,  which  is  the  same 
in  every  part  of  the  world.  This  assertion  is 
not  confirmed  by  experience  to  the  extent 
which  these  geologists  contend  for. 

There  are,  however,  certain  rocks  that  ge- 
nerally lie  below  rocks  of  another  class,  and 
.  coritain  no  remains  of  organic  life  :  it  is  in- 
ferred that  they  are  the  oldest  rock  forma- 
tions with  which  we  are  acquainted,  and  hence 
they  have  received  the  name  of  primary. 

No  inference  can  appear  more  legitimate 
than  this :  "  The  rock  which  supports  another 
must  be  older  than  that  which  rests  upon  it,  if 
their  original  position  has  not  been  changed  :'* 
fiut  this  conclusion,  when  examined  with  at- 
tention, will  fairly  admit  of  doubt  with  re* 
spect  to  those  rocks  which  are  crystalline  like 
the  primary.  These  were  formed  by  che- 
mical affinity  from  a  state  of  solution,  or  by 
crystalhzation  from  a  state  of  fusion:  if  by 
the  latter  mode,  all  the  different  materials 

may 
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may  liave  l)een  arranged  from  the  same  mass 
at  the  same  time,  and  the  upper  and  lower 
rocks  may.  have  a  cotempoVaneous  origin.  If 
a  mass  of  melted  matter  from  a  furnace  cool 
slowly,  the  internal  and  external  parts  will 
vary  both  in  their  physical  and  chemical 
properties ;  but  it  cannot,  on  this  account, 
be  said  that  the  former  are  older  *than  the 
latter.  In  those  rocks  which  have  been  sub* 
jected  to  external  agency,  as  in  sand  rocks 
which  contain  fragments  that'  have  been 
rounded  by  water,  their  situation  evidently 
proves  that  they  were  formed  after  the  rock9 
on  which  they  rest. 

,  It  has  been  before  obser\'ed,  that  those 
rocks  which  contain  different  organic  re-' 
mains,  separated  by  beds  or  strata  in  which 
no  such  remains  occur,  must  have  been 
formed  in  succession  over  each  other,  and 
probably  at  very  distant  intervals  of  time- 
This  inference  appears  to  me  conclusive,  nor 
can  it  be  invalidated  by  the  crystalline  ar- 
rangement and  cleavage  of  some  of  those 
rocks.  For  calcareous  stalactites,  which  we 
know  were  formed  by  successive  depositions 
of  matter,  acquire,  by  some  process  of  na- 
ture, a  crystalline  arrangement  of  the  par- 
ticles. 
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tides,  and  cleave  into  regular  rhombS)  lik^ 
the  most  perfect  crystals  of  carbonate  of 
lime. 

There  are  also  two  modes  of  superposition, 
which  mark  distinctly  the  relative  agesof  fthe 
different  classes  of  rocks  in  which  they  occur: 
these  have  been  denominated  the  *  conform^ 
able'  and  the  *  unconformable  overlying*  po- 
sitions. 

The  conformable   position  is  represented 
pL  I.  fig.  1.  trhere  a  is  the  foundation  rock, 
on  which  the  rocks  2,  3,  4,  &c.  are  laid,  and 
may  be  supposed  to  encircle  or  to  cover  one- 
side  of  the  mountain  with  a  general  confor- 
mity to  the  shape  of  the  lower  rocks  on  which  \ 
they  appear  to  be  moulded;   preserving  the 
same  elevations,  depressions,  and  undulations, 
as  those  of  the  ibundation  rock.  Rocks  which   * 
occur  in  this  position,  have  a  general  but  not  ) 
an  invariable  order  of  succession.     Granite  is  i 
the  foundation  rock  on  which  gneiss,  mica-!"' 
ceous  schist,  and  slate  are  laid ;  next  succeed 
transition  rocks,  and  over  these  the  secondary   ; 
stratified  rocks. 

Tiie  position  which  the  Germans  call  ur>* 
conformable  and   overlying,  is   represented 
plfiie  I.  fig.  2.  where  d  \^  ^  mass  of  superin- 
cumbent 
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cumbent  rock  resting  upon  the  rocks  1,  2,  3, 
without  any  conformity  to  the  shape  of  the 
lower.  Whatever  theory  we  adopt  respecting 
the  formation  of  rocks,  we  must  admit  that 
the  superincumbent  rocks  in  this  situation 
are  of  more  recent  origin  than  those  which 
they  cover :  the  lower  must  have  been  hard 
and  unyielding  when  the  upper  were  thrown 
upon  them.  If  a  thick  stream  of  lava,  as  fre- 
quently happens,  were  to  flow  over  a  range  of 
conformable  rocks,  filling  up  the  cavities  and 
inequahties  of  the  surface, — when  it  became 
hard  by  cooling,  it  would. form  a  bed  of  super- 
incumbent  unconformable  rock.  Such  in- 
stances are  common  in  volcanic  countries. 
Very  extensive  ranges  of  rocks  and  mountains 
occur  in  this  position  in  various  parts  of  the 
world,  not  only  covering  the  primary  but  the 
secondary  rocks.  These  will  hereafter  be  de- 
scribed under  the  name  of  porphyry,  sienite, 
•and  basalt;  they  frequently  assume  the  co- 
lumnar structure,  and  sometimes  form  vast 
ranges'  of  natural  pillars,  as  at  Staffa  one  of 
the  Hebrides,  on  the  north  of  Ireland,  in  Ice- 
land, Sicily,  and  many  volcanic  countries. 

It  is  deserving  of  notice,  that  many  of  the 
rocks  to  which  this  position  is  peculiar  have 

E  a  near 


a  nc^r  resemblance  both  ia  their  composition 
und  structure  to  volcanic  products. 

The  compound  term  ^  unconformable  and 
Overlying/  introduced  from  the  Germans^  is 
extremely  harsh,  and  may  be  omttted,  as  the 
simpie  term  ^  superincumbent/  when  applied 
to  basaltic  rocks  and  those  of  porphyry  and 
edenite,  to  which  this  position  is  almost  pecu* 
liar,  will  generally  be  sufficient  to  distinguish 
it  from  that  of  conformable  and  imbedded 
rocks. 

The  position  of  imbedded  rocks  is  repre^^ 
scented  plate  I.  fig.  1.  where  b  is  supposed  to 
be  a  section  of  a  bed  of  limestone  lying  he^ 
tween  two  rocks  of  slate.  The  slate  in  tUta 
instance  is  the  principal,  and  the  limestone 
the  subordinate  rock. 

Stratified  secondary  rocks  are  generdly 
conformable  or  parallel  to  each  other,  for  a 
certain  extent;  and  this  conformity  may  some« 
times  be  traced  over  a  wiiole  district,  the  dif- 
ferent strata  having  the  same  undulationa, 
and  rising  and  falling  together  until  they  are 
broken  by  rents,  which  have  elevated  them 
on  one  side,  and  depressed  them  on  the 
other. — Their  continuity  is  sometimes  inter- 
rupted by  the  excavation  of  valleys  farmed 

by 
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by  the  rivers  which  flow  through  them.— In 
tbe»e  instances  we  shall  frequently  observe 
the  same  rocks^  or  strata,  which  form  the 
lower  part  of  the  hills  on  one  side  of  the  vale, 
resting  upon  the  summits  of  the  hills  on  the 
opposite  side ;  which  is  owing  to  the  general 
rise  of  the  strata  in  that  direction. — ^This 
irill  be  more  distinctly  understood  by  con- 
sulting plate  II.  fig.  1.  which  is  intended  to 
represent  the  general  rise  of  the  strata  from 
Sheffield  in  Yorkshire  to  Castleton  in  Derby- 
shire, intersected  by  the  valley  through  which 
the  river  Derwent  flows. 

The  town  of  Sheffield,  fig.  1.  is  built  over 

coal  strata,  which  rise  towards  the  west,  and 

disappear  in  that  direction  about  five  miles 

from  Sheffield  (2).  Here  the  under  rock  makes 

its  appearance  (3),  which  is  a  bed  of  coarse 

gritstone,  more  than  one  hundred  and  twenty 

yards  in  thickness,  forming  the  summits  of 

all  tiie  mountains  as  you  advance  to  the  vale 

•f  Derwent  (4).     The  grit-rock  rests  upon  a 

thicker  bed,  of  a  different  kind,  composed 

sf  slaty  sandstone,  represented  (5).    On  the 

western  side  of  the  valley,  this  rock  exists 

only  as  a  cap  or  covering  on  Whin-Hill,  a 

fefty  mountain,  marked  (6).  Two  miles  fur- 

E  2  ther 
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ther  \iest  the  grit-rock  disappears,  and  the 
slaty  sandstone  which  is  the  base  of  Whin- 
Hill  forms  the  summit  of  the  celebrated  Mam 
Tor,  or  the  shivering  mountain.  The  com- 
pact limestone  (7)  here  makes  its  appearance 
as  the  base  of  Mam  Tor,  and  further  west 
the  same  limestone  forms  entire  mountains. 
The  difference  observable  in  the  rocks  east 
and  west  of  the  Derwent  is  owing  to  the  gene- 
ral rise  of  the  strata  in  the  latter  direction. 

In  other  instances,  the  difference  in  the 
position  of  rocks  on  the  opposite  sides  of  a 
valley  is  occasioned  by  the  elevation  or  de- 
pression of  one  of  the  sides ;  for  sometimes 
the  continuity  of  rocks  and  strata  is  so  entirely 
broken  by  the  great  convulsions  which  have 
agitated  the  surface  of  the  globe,  that  a 
whole  series  of  strata  disappear,  and  a  tresh 
series  of  different  rocks  supply  their  places. 

Deep  valleys  have  also  been  formed  by  a 
sudden  sinking  down  of  the  surface,  occasioned 
by  earthquakes  and  other  subterranean  agents. 
The  chasms  thus  made  have  been  widened  by 
mountain  torrents  and  inundations,  which 
have  covered  the  bottom  with  loose  rocks  and 
stones  borne  down  in  their  descent. 

Small  water*worn  pieces  of  stone  and  round 

pebbles. 
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pebbles,  intermixed  with  sand  and  clay,  con- 
stitute gravel,  which  frequently  covers  the 
surface  to  a  considerable  depth  in  detached 
masses  called  gravel  beds:  these  are  some- 
times very  extensive,  and  conceal  the  nature 
and  arrangement  of  the  lower  rocks  or  strata. 
When  the  sand  or  clay  contains  much  oxyd 
of  iron,  the  gravel  becomes  consolidated,  and 
forms  a  breccia  or  puddingstone,  in  which 
the  pebbles  are  held  together  by  a  cement. 
Beds  of  gra^'^l  and  puddingstone  are  ci:)m- 
monin  the  neighbourhood  of  lofty  mountains. 
The  stones  and  pebbles  are  formed  from  the 
fragments  of  these  mountains,  rounded  by 
the  agency  of  water ;  they  are  observed  to 
decrease  in  size  according  to  their  distance 
from  the  mountains.  Probably  many  of  them 
were  formed  before  the  mountains  and  lower 
grounds  had  acquired  their  present  elevation 
above  the  level  of  the  sea.  At  this  time,  too, 
many  of  the  valleys  might  be  excavated  by 
marine  currents. 

It  is  granted  by  all  geologists  that  the 
ocean  has  once  covered  our  present  continents. 
The  disciples  of  Werner  assert  that  the  re- 
tiring of  the  water  was  gradual.  Were  we 
to  suppose,  with  other  geologists,  that  the 

dry 
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dry  land  was  elevated  by  the  expansive  forct 
of  central  fires,  this  power  acting  upon  an  ex« 
tensive  portion  of  the  globe  might  be  ages 
in  upheaving  the  incumbent  surface,  which 
would  continue  to  rise  until  vast  fissures  wem 
made,  through  which  the  subterranean  melted 
matter  would  be  thrown  over  the  mountains 
and  plains  then  existing,  and  form  the  super- 
incumbent  rocks  of  basalt^  porphyry,  and 
sienite,  that  seem  to  be  so  nearly  allied  to 
volcanic  products.  While  on^  part  of  tlie 
surface  was  rising,  another  part  would  sink^ 
and  form  a  new  bed  into  which  the  waters  of 
the  ocean  would  gradually  retire.  Thus,  ac- 
cording to  either  system,  rolled  pebbles  might 
be  formed  by  the  tides  of  the  retiring  ocean, 
and  carried*  to  a  great  distance  from  their 
parent  rocks,      v         ' 

According  to  Humboldt,  the  extraordinary 
eruptions  by  which  new  islands  have  been 
formed  since  the  period  of  authentic  historyy 
are  generally  preceded  by  a  swelling  of  the 
softened  crust  of  the  globe.  At  Kamemi  the 
new  island  made  its  appearance  above  the  sea 
twenty-six  days  before  the  smoke  was  visible. 
*^  Every  thing  indicates  that  the  physical 
changes  of  which  tradition  has  preserved 

the 
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he  ramembrancti  exiubit  but  a  feeble  ImagQ 
of  those  gigantic  catastrophes  which  havtj 
j{iven  mountains  their  present  form,  clianged 
tbe  position  of  the  rocky  strata,  and  buried 
wo-shelis  on  the  summit  of  the  higher  alps. 
It  was  undoubtedly  in  those  remote  times 
whicU  f)receded  the  existence  of  the  human 
race,  that  the  raised  crust  of  the  globe  pro- 
duced those  domes  of  trappean  porphyry, 
those  hills  of  isolated  basalt  in  va::t  elevated 
plains,  tliose  solid  nuclei  covered  with  the 
modern  hivas  of  the  Peak  of  Teneriffe,  of 
£tna,  and  Cotopaxi."     Humboldt. 

Vast  mas^s  of  rock  near  the  sea  shore  ar« 
wmetitues  enveloped   in   tiokU  of  ice,   and 
raised  up  and  transported  to  distant  countries. 
Ice  is  specifically  lighter  than  water ;  every 
cubic  yard  will  support  u  atone  of  one  hundred 
poands  weight:    hence  we  need  not  be  sutf  . 
prised  at  the  insulated  blocks  of  granite  that  J 
are  sometimes  found  in  situations  far  remote 
from  primary  mountains.    These  blocks  have 
been  boated  over  the  ocean,  and  their  angular 
points   and    edges  defended   from  attrition, 
during  their  passage,  by  the  surrounding  ice« 
In  this  manner   large   fragments  of  granitiQ  J 
other   primary  rocks   may  have   been 
brought 
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brought  upon  our  coast  from  Norway  and 
Greenland.  In  a  similar  way,  in  all  proba-- 
bility,'  were  the  bones  of  elephants  and  hip- 
popotami conveyed,  without  attrition  or  in- 
jury, from  the  valleys  of  Siberia  to  the  Icy 
sea,  where  they  are  collected  in  prodigious 
heaps,  intermixed  with  sand  and  ice,  and 
form  entire  islands  of  considerable  extent. 
Similar  boiies  are  found  under  the  surface,  in 
the  banks  of  all  the  great  rivers  of  Asia  that 
fall  into  the  Arctic  ocean. 

It  has  been  noticed,  in  the  preceding  chap- 
ter, that  if  a  layer  or  stratum  of  stone  be  se- 
veral yards  thick,  it  is  generally  denominated 
a  bed.  If  the  bed  be  so  large  as  to  form  an 
entire  rock,  it  may  be  called  a  mountain  mass. 

Fragments  of  rock  are  differently  denomi- 
nated according  to  their  size :  rounded  frag- 
ments from  the  magnitude  of  a  pea  to  that 
of  a  melon  are  generally  called  pebbles :  if 
larger  fragments  or  stones  exceed  five  or  six 
feet  in  length  and  breadth,  they  are  more 
properly  described  as  blocks  or  rocky  masses: 
such  is  the  great  stone  which  nearly  chokes 
up  the  passage  on  one  side  of  Borrowdale, 
called  the  Bowder  stone. 

Mountains  and  hills  are  relative  terms  with 

respect 
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lespect  to  eacii  other;   the  highest  elevations 
bong  deoojninaled  mountains,  and  the  lower 
hills.     In  the    vicinity  of  Mont  Blanc   and 
Uont  Rosa,  in  Switzerland,  which  are  more  - 
Aan  five  thousand  yards  high,  the  mountains  i 
in  Cumberland  and  North  Wales  would  be  i 
called  hills  (colUnes),  though  Snowdon,  Skid- 
daw,  and  Helvellyn  rise  nearly  eleven  hundred  ( 
yards  from  the  level  ot"  the  sea,  and  are  ten  < 
timeshigher  thanHighgate  Hill,  near  London.  ^ 
In  England,  it'  liilU  rise  abruptly,  and  are  1 
more  than  four  hundred  yards  above  the  sur- 
rounding country,  they  are  generally  calledjl 
mountains.     Mountains   are   sometimes    de-  i 
tacbed,  but  more  commonly  are  collected  in  4 
groups    or  extended  in  ranges  or  mountain  { 
chains,  which  traverse  whole  districts  or  king- 
doms either  in  a  straight  or  a  curved  direc-i 
tion.     The  most  extensive   mountain  chains 
have  a  northern  and  southern  direction.     It 
been  observed,  that  in  mountain  ranges 
:h   have  this  direction,  the   steepest  de- 
ity is  on  the  western  side ;    and   in  those 
wliich  have  an  eastern  and  western  direction, 
tbe  steepest  side  is  towards  the  .south.    From 
this  rule  many  exceptions   might  be  stated. 
I  til  ink  a  more  general  and  invariable  rule 
might 
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Blight  be  substituted,  which  I  submit  to  the 
attention  of  travellers  and  geologists^  Moun* 
tmn  chains  or  ranges  present  the  steepest  de- 
olmties  on  the  sides  nearest  to  the  sea.  This 
is  remarkably  the  case  in  the  long  chain  of 
tiK  Allegany  mountains  on  the  eastern  side 
of  America,  which  are  steep  towards  the  At^ 
lantic  On  the  contrary,  the  Stony-moun* 
tains  which  run  near  the  north-west  coast, 
and  the  Andes  near  the  southern  Pacific 
ocean,  are  steepest  on  their  western  side.  In 
ranges  of  mountains  that  form  the  boundaries 
of  extensive  vales,  through  which  large  rivers 
flow,  the  mountains  nearest  to  the  rivers  have 
the  steepest  declivities.  The  largest  rivers 
have  their  origin  from  the  sides  of  mountains 
which  are  most  inclined  to  the  honzon,  and 
most  remote  from  the  sea. 


CttAP. 
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CHAPTER  IV. 

ox  GRANITE   AND  OTIIEE    ROCKS    GENE- 
RALLY   DENOMINATED    PRIMARY. 

Geological  Classification  of  rocks: — 1.  Primary — 
S.  Secotidary  Metalliferous  or  TVansition  Rocks 
— 3.  Basaltic—^.  Upper  Secondary — 5.  Allu- 
rial — 6.  Volcanic — 7.  (Supposed)  Fresh-fVater 
Formations. — Granite  Rocks^  their  Composition 
and  Structure.-^-^ranitic  Mountains  of  Europe 
af id  America. — Mont  Blanc. — Granite  Vans. 
— Situation  of  Granite  Rocks  in  England.-^- 
Rocks  of  Gneiss  and  Micaceous  Schist  descri- 
bed.— Micaceous  Schist  of  Anglesea  and  the 
opposite  Coast  of  Ireland. — Crystalline  Lime- 
stone in  Primary  Mountains. — Formation  of 
Lime  by  Aninml  Secretion. — Origin  of  calcare- 
ous Rocks. — Serpentine  Rock. — Verd-antique. — 
Beatttiful  Serpentine  of  Anglesea. — Quartz 
Rock. — Anomalous  Rocks. 

Ir  any  rocks  can  ivith  propriety  be  de- 
nominated primary  or  primitive,  they  are 
those  which  are  most  widely  spread  over  the 
;rloI>e  in  the  lowest  relative  situation,  and 
which  contain  no  remains  of  organic  ex- 
istence.    Werner  has  enumerated  fourteen 

primary 
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primary  rocks ;  but  as  some  of  these  have 
only  been  found  at  present  in  one  place,  it 
appears  improper  to  consider  them  as  distinct 
orders,  unless  we  arrange  every  variety  of 
rock  in  the  same  manner,  and  increase  the 
number  of  orders  indefinitely*. 

The  arrangement  here  introduced  will,  I 
trust,  be  found  both  simple  and  intelligible, 

*  The  system  of  classification  introduced  by  Werner,  was 
formed  principally  from  observations  made  in  Saxony,  and 
had  great  merit,  as  illustrating  the  geology  of  that  part 
of  Germany :  but  it  has  been  objected  with  much  reason 
to  the  general  adoption  of  the  terms  he  employs,  that 
they  were  framed  to  suit  a  particular  theory,  before  a 
sufficient  number  of  facts  had  been  collected  to  warrant  its 
reception.  Subsequent  discoveries  have  also  proved,  that 
the  different  classes  into  which  Werner  has  divided  rocks 
have  not  the  marked  aiid  definite  characters  necessary  to 
constitute  a  natural  system  of  arrangement.  Even  the 
Professdr  who  first  introduced  into  this  country  the  distinc-* 
(ions  pf  transition  and  floetz  rocks,  as  a  most  important 
discovery  of  Werner,  now  states  his  opinio^,  "  that  the 
transition  rocks  may  alternate  withjloetz  rocksy  and  ther^^ 
fore  that  the  transition  and  Jloetz  classes  are  not  separa- 
ted  from  each  other  in  the  manner  generally  alleged.** 
This  admission  is  the  more  remarkable,  when  we  recol- 
lect the  confidence  with  which  these  divisions  were  sup- 
.ported,  atid  the  solemn  trifling  often  employed  to  de- 
termine whether  certain  rocks  belonged  to  the  class  of 
transition  or  floetz  rocks, 

ancj 
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and  as  confonnable  to  nature  as  the  present 
state  of  our  information  vf'iW  admit.  It  in- 
cludes only  three  principal  rocks  as  primary, 
granite,  with  gneiss  and  mica  slate,  which  are 
nearly  allied  to  granite,  and  form  an  incrus- 
tation over  it :  these  never  contain  organic 
remains,  and  they  have  rarely  been  observed 
lying  over  other  rocks  in  which  such  re- 
mains are  found.  ^ 

CLASS    I. 

Principal  rocks  denominated  Primary. 

1  Granite. 

2  Gneiss  or  slaty  granite. 

3  Micaceous  schist  or  mica  slate. 

Subordinate  rocks  which  occur  imbedded  in 

the  two  latter. 

1  Crystalline  lime-stone. 

2  Crystalline  hornblende  rock* 

3  Serpentine* 

Serpentine  and  Hornblende  rock  are  also 
found  in  other  situations  in  a  superincumbent 
position*.     Beds  and  entire  mountain  masses 

of 

*  Since  the  publication  of  the  first  edition  of  this  w(Mrk, 
M.  Brougniart,  a  celebrated  French  mineralogist,  has  pro- 
posed an  arrangement  in  many  respects  similar  to  what 
I  had  adopted.  ^'  II  n'est  plus  possible  d'admettre  telles 
quelles  ont  €t6  ^tablies  les  graades  divisions  de  la  success 

siou 
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of  quartz  apd  felspar  occur  occasionally  in 
gneiss  and  mica  slate.  The  quartz  is  some* 
times  finely  granular,  and  differs  in  no  re<* 
spects  from  crystallme  siliceous  sand^stone. 

CLASS    IT. 

Secondary  Metalliferous  rocks  denominated 
by  some  geologists  Trafisition  rocks. 

1  Argillaceous  schistus,  slate,  clay  slate 

of  Werner. 

2  Flinty  slate.  (Hornstone)  sometimes  por- 

phyritic. 

3  Gray  wacke  and  gray  wacke  (or  coarse) 

slate. 

4  Metalliferous  lime^stone. 

5  Red  Sand-stone*  also  occurs  alternating 
Ti*ith  the  above  lime-stone  and  slate:  it  is 
frequently  coloured  red, 

sion  des  couches  du  globe.''  The  characters  of  Bron^ 
gniart's  first  class  agree  with  those  I  had  before  given  in 
this  work.  '^  La  premiere  classen-enfermerait  les  terreins 
dans  les(|uelles  on  n'a  encore  dccouvert  aHCun  debris  de 
corps  organist  dont  la  structure  est  crystailis^e,  et  dans  la 
composition  desqucUcs  les  roches  granitiques  propremenp 
dites  sont  dominantes.'^  Journal  des  MifMis,  Mai  1814. 
♦  This  sand-stone  has  been  called  by  Werner  the  "  old 
TtA  sand-stone ;"  but  it  has  very  frequently  been  confounded 
with  sand-stone,  whose  geological  position  is  very  differ-* 
ent.  See  Appendix.  It  should  appear  that  sand-stmie  ex-r 
isti  in  every  class  of  rpcka;  from  those  which  the  Wernerians 
consider  as  the  oldest,  to  the  very  newest  formations.  The 
rooks  of  die  first  and  second  class  in  this  arrangement,  will 
cenprite  aU  that  either  commonly  contain  metallic  veins  or 
alternate  with  metalliferoiis  rocks. 

Subordinate 
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Subordinate  to  rocks  of  this  cla$s. 

1  Gypsum. 

2  Imbedded  trap. 

CLASS    III. 

Superincumbent  rocks  of  basaltic  conforma^ 

tion^  or  Basaltic  rocks. 
1  Trap  or  basalt 
52   Porphyry. 

3  Sienite. 

Sienite  and  porphyry  are  classed  by  Wer- 
ner with  his  primitive  rocks.     The  reasons  for 
arranging  them  in  a  separate  class  are  subse- 
quently stated.     With  many  persons  the  au- 
thority of  eminent  names,  particularly  of  fo- 
reigners, has  more. weight  than  any   reason 
whatever;  I  shall  therefore  add  the  opinion 
of  Brongniart,  that  "  we  are  not  at  present 
able  to  find  a  sienite  or  porphyry  which  is 
evidently  primitive.''    He  adopts  an  arrange- 
vient  similar  to  the  above,  forming  a  fourth 
class  distinguished  by  the  presence  of  incum- 

■ 

bent  porphyry  and  sienite. 

CLASS    IV. 

Upper  Secondary  Stratified  rocks. 

1  Siliceous  sandstone. 

2  Argil- 
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2  Argillaceous  sandstone. 

3  Calcareous  sandstone  and  magnesiat 

€arthy  limestone. 

4  Chalk. 

Subordinate  beds  or  strata  in  secondary  r 

1  Trap. 

2  Gypsum. 

3  Rock  salt. 

4  Ironstone. 

5  Coal. 

CLASS    V. 

Alluvial. 

1  Clay. 

2  Sand. 

3  Gravel. 

4  Calcareous  tufa. 

Beds  of  peat  and  wood-coal  occur  i 
over  the  sand  and  gravel. 

CLASS    VI. 

Volcanic  rocks. 

1  Lava. 

2  Pumice. 

3  Obsijlian. 

4  Tufa  and  volcanic  breccias. 

A  local  formation  of  calcareous  strata 
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chalk  has  recently  been  discovered  in  .the 
vicinity  of  Paris,  in  some  parts  of  the  south  of 
England,  and  also  in  other  situations  :  these 
strata  contain  remains  of  fresh  water  fish  and 
quadrupeds.  They  might  constitute  a  sepa- 
rate class ;  but  they  are  perhaps  too  limited 
to  be  enumerated  among  the  great  masses 
that  form  the  crust  of  the  globe:. they  will  be 
noticed  in  the  subsequent  chapters. 

Racks  of  the  first  class. 

Granite  is  considered  as  the  foundation 
rock  on  which  sl^te  rocks  and  all  secondary 
rocks  are  laid.  From  its  great  relative  depths 
granite  is  not  frequently  met  with,  except  in 
situations  where  it  appears  to  have  been 
forced  through  the  more  superficial  covering 
of  the  globe.  Where  granite  rise*  above  the 
surface,  the  beds  of  other  rocks  in  the  same 
district  generally  rise  towards  it,  and  their 
angles  of  elevation  increase  as  they  approach 
nearer  to  it.  Some  writers  derive  the  name 
from  geranites^  a  word  used  by  Pliny  to  de- 
note a  particular  kind  of  stone ;  others  with 
more  probability  suppose  that  the  name  ori- 
ginated from  its  granular  structure,  or  the 
grains  of  which  it  is  composed.     Granite  is  a 

F  hard 
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hurd  rock :  its  constituent  parts  are  the  three 
substances  described  in  the  second  chapter, 
quartz,  felspar,  and  mica,  vbich  are  more  or 
less  perfectly  crystallized,  and  closely  united 
together. 

The  three  minerals  of  which  granite  is  com- 
posed vary  much  in  their  proportions  in  di^ 
^ent  granitic  rocks ;  and  often  in  speciiMna 
firom  the  same  rock,  the  crystals  are  larger 
or  small,  or  equally  intermixed,  in  one  part, 
and  in  another  part  quartz  or  felspar  greatly 
predominates.  Some  granites  are  composed . 
of  small  grains,  and  have  large  crystals  of 
felspar  interspersed;  these  are  denominated 
porphyritic  granites.  Stones  of  this  kind  are 
comlhon  in  the  foot  pavements  of  London  *• 

Very  small  grained  granites  can  scarcely 

*  Specimens  of  Cornish  and  Scotch  granites  are  not 
difficult  to  procure  in  London,  i^  they  are  commonly  used 
t&r  pevfaig-stones.  In  the  former  the  fslspar  is  wbitt^  bk 
fomt  specimens  it  is  soft  and  earthy;  the  mica  appears  hkiP 
glistening  scales  which  have  a  tarnished  semi-metallic  lus* 
tre.  The  quartz  has  a  vitreous  appearance,  and  is  of  a 
light  gray  colour.  In  Scotch  granite  the  felspar  has  mott 
commonly  a  reddish  brown  colour.  The  mica  is  not  an*- 
firequently  Uaek  and  splendent^  aad  may  be  divided  into 
thin  scales  by  the  point  of  a  penknife :  this  dbUi^guishes 
it  from  hornblende^  which  is  sometimes  intermixt  with  this 
granite* 


be  dtstinguislied  from  iiandstone.  In  gene- 
ral, felspar  may  be  considered  as  forming  the 
most  abundant  part  of  granite ;  it  is  some- 
times in  a  decomposing  state,  owing  to  the 
potash  which  frequently  forms  a  constituent 
part  of  this  mineral.  It  is  not  improbable, 
twwever,  that  what  is  considered  as  decom^ 
poung  granite,  may,  in  some  instances,  be 
the  original  state  of  the  rock  ;  for  various 
SHlKs  may  easily  be  conceived,  which  would 
It  the  progress  of  crystalli2ation  iq 
n«  we  frequently  see  such  an  effect  to 
bare  inken  place  in  the  formation  of  simple 
luioerub. 

Granite  is  not  stratified,  but  is  sometimes 
Itpdrntetl  into  tabular  masses,  which  hava 
been  mistaken  for  strata.  It  is  more  fre- 
qiwnUy  divided  into  large  blocks,  which  bava 
n  tendency  to  assume  a  rhomboidal  form. 
(mwite  also  exists  in  the  form  of  globular 
mUKs,  which  are  composed  of  concentric 
spherical  layers,  separated  by  granite  of  a 
less  compact  kind,  and  inclosing  a  harder 
emtml  nucleus.  Tliese  globular  masses  are 
three  or  four  yards  or  more  in  diameter,  and 
are  sometimes  found  detached,  and  some- 
times  imbedded  in  granite  of  a  softer  kind: 
r  2  probably 
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jjrobably  the  detached  globes  of  granite  were 
al$o  once  imbedded  in  a  similar  rock,  which 
has  been  decomposed  and  worn  away.  This 
globular  structure  is  not  peculiar  to  granite; 
it  will  be  again  mentioned,  and  circumstances 
stated  which  appear  to  illustrate  its  format 
tion.  When  granite  rises  high  above  the  sur- 
face, it  forms  lofty  peaks  and  rugged  piles, 
which  at  a  distance  resemble  immense  ruins. 
According  to  the  German  geologists,  granite 
is  the  lowest  of  rock  formations ;  but  from 
the  observations  of  D'Aubuisson  in  Auvergne, 
and  of  Humboldt  in  South  America,  and 
from  various  known  phaenomena,  we  have 
reason  to  infer  that  the  source  of  volcanic 
fires  is  far  below  granite  *.  The  highest  point 
at  which  granite  has  been  seen  is  the  summit 
of  Mont  Blanc,  in  Switzerland,  the  loftiest 
mountain  ia  Europe,  rising  fifteen  thousand 
six  hundred  and  eighty  feet  above  the  level 
of  the  sea,  or  nearly  five  times  higher  than 

■ ■iw.lii.i^  ■  .m    .      m  I ■!  II. 

^  It  seems  evident,  says  Humboldt,  that  in  the  Canaiy 
Islands,  as  well  as  on  the  Andes  of  Quito,  in  Greece,  and 
the  greater  part  of  the  world,  the  subterranean  fires  have 
pierced  through  the  primary  rocks.  He  further  adduces  the 
great  number  of  warm  springs,  which  he  has  seen  isswng 
from  granite,  gneiss,  and  mica  slate,  in  proof  of  this  opi- 
nion.   Humboldt's  Narrative. 

,  any 
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any  mountain  in  England  or  Wales.  It  was 
lirst  ascended  by  Doctor  Picard  in  llSfJ,  and 
afterwards  by  Saussiire,  who  has  piibUshed 
a  very  interesting  account  of  his  ascent.  He 
set  out  from  the  priory  of  Chamouni,  from 
whence  the  distance  to  the  summit  of  the 
mountain  in  a  direct  line  is  not  more  than  twd 
French  leagues  and  a  quarter :  but  owing 
lo  the  difficulty  of  the  ascent,  it  requirea 
eighteen  hours  continued  labour,  exclusively 
of  the  time  necessary  for  repose  and  refreshr 
meat.  'I'he  first  day's  journey  was  com|}ara- 
tively  easy,  the  route  being  over  soil  covered 
with  vegetation  or  bnre  rocks.  Tlie  ascent 
on  t!ie  second  day  was  over  snow  and  ice, 

and  more  difficult:  at  (bur  o'clock  in  the  after- 
noon of  the  same  day,  Saussure  and  liis  at- 
tendants pitched  their  tent  on  the  second  of 
the  three  great  plaiiisof  snow  which  they  had 
lo  traverse.  Here  thev  passed  tlic  night  four- 
teen hundred  and  iitlv-five  toiscs  (or  three 
thousand  one  hundred  yards)  above  the  level 
of  the  hca,  and  ninety  toises  higher  than  the 
Peak  of  TenerifTe.  The  barometer  stood  at 
seventeen  inches.  The  next  morning  they  pro- 
ceeded with  much  dithculty  and  fatigue,  aris-* 
mg  principally  from  the  extreme  rarity  of  thq  ' 
atmosphere, 


atmosphere^  which  affected  their  respiration/ 
The  upper  pieirts  of  Mont  Blanc  are  above  the 
limits  of  perpetual  snow,  and  it  is  only  on  the 
«ides  of  the  nearly  perpendicular  peaks  and 
escarpments  that  the  bare  rock  is  visible.  They 
gained  the  summit  by  eleven  o'clock  A-  M. 
^'  From  this  elevated  observatory/'  says  Saus- 
wte^  "  I  could  take  in  at  one  view,  without 
changing  my  place,  the  whole  of  the  grand 
phteriomenon  of  these  mountains,  namely,  the 
position  and  arrangement  of  the  beds  of  which 
they  are  composed.  Wherever  I  turned  my 
iye$j  the  beds  of  rock  in  the  chains  of  se- 
condary mountains,  and  even  in  the  primary 
mountains  of  the  second  order^  rise  toward 
Mont  Blanc  and  the  lofty  summits  in  its  neigh- 
bourhood: the  escarpments  of  tliese  beds  of 
rock  were  all  facing  Mont  Blanc;  but  beyond 
these  chains  were  others  whose  escarpnoents 
were  turned  in  a  contrary  direction.  Notwith- 
standing the  irregularity  in  the  forms  and  the 
distribution  of  the  great  masses  that  surrotmd 
Mont  Blanc,  and  those  which  constitute  the 
mountain  itself,  I  could  trace  some  fea4;ure6  of 
l^esemblamce  not  less  certain  than  important.. 
Jkli  the  masses  which  I  could  see  were  com- 
pared of  vertical  pktes  (Jtuilkts)^  and  the. 

greater 
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Vater  part  of  these  plates  were  ranged  in 
the  same  direction,  from  north-east  to  south- 
vest.  I  had  particular  pleasure  in  observing 
same  structure  in  the  lofty  peak  of  gra- 
callfd  the  Col  du  Midi,  which  I  had 
rnnerly  endeavoured,  but  in  vain,  to  ap- 
proach, being  prevented  by  inaccessible  walU 
granite.  After  the  second  day's  ascenti 
lofty  pinnacle  was  beneath  nie ;  and  I 
ly  convinced  myself  that  it  is  entirely 
composed  of  magnificent  plates  (lames)  of 
granite,  perpendicular  to  the  horizon  and 
ranging  from  east  to  west.  I  had  formerly 
been  induced  to  believe  that  these  plates 
were  folded  round  the  peak  like  the  leaves 
of  an  articlioke;  but  this  was  an  optical  illu- 
sion, when  seen  imperfectly  from  btlow : 
here,  where  the  eye  could  as  it  were  dart 
down  into  the  interior  structure  of  the  moun- 
tain, the  plates  of  rock  appeared  regularly 
parallel  in  a  direct  line.  I  was  also,"  says 
Saussure,  "particularly  desirous  of  ascertain- 
ing whether  the  vertical  beds  were  composed 
of  the  same  substances  at  their  summits  as 
at  dieir  bases,  where  1  had  so  frequently  in- 
them ;  and  I  am  perfectly  satisfied 
»m  actual  examination,  that  they  preserve' 
same  nature  through  their  wliole  extent, 
and 
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and  are  the  same  at  the  summit  as  below*.** 
Voyages  dans  les  Alpes^  torn.  4, 

The  inference  drawn  by  Saussure,  respect-' 
ing  the  vertical  position  of  the  beds  of  granite 
that  compose  a  principal  part  of  Mont  Blanc 
and  the  adjoining  mountains,  is,  that  they 
were  originally  horizontal,  and  have  been  sub- 
sequently elevated  by  some  tremendous  con- 
vulsion of  nature.  The  summit  of  Mont  Blanc, 
he  says,  must  at  one- time  have  been  more 
than  two  leagues  under  the  surface.  To  the 
same  convulsion  he  also  attributes  the  position 
of  the  escarpments  or  steep  sides  of  the  rocks 
which  face  Mont  Blanc  for  a  considerable  ex- 
tent, and  then  turn  from  it  in  an  opposite  di- 
rection. This  would  be  the  case  had  the  sur- 
face of  the  globe  been  broken  and  elevated 
in  the  manner  he  supposes*  It  may  perhaps 
be  doubted  whether  the  vertical  position  of 
the  beds  of  rock  be  not  tfte  effect  of  cry- 
stallization on  a  grand  scale.  There  is  a 
circumstance,  however,  stated  by  Saussure, 
which  tends  strongly  to  confirm,  if  not  abso^ 

lutely  to  prove,  the  truth  of  his  hypothesis. 

— ^ — ^ . — —  • 

*  The  extreme  fatigue  and  exhaustion  which  Saussiire 
experienced  during  the  ascent  of  Mont  Blanc  is  supposed 
to  have  abridged  the  life  of  this  active  and  intelligent  phi- 
losopher. 

Some 
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Some  of  the  vertical  beds  of  rock  covering 
the  granite,  contain  round  pebbles,  boulders, 
and  in^aterworn  pieces  of  the  lower  rocks.  It 
is  impossible  to  conceive  that  those  rounded 
fragments  could  have  been  placed  in  a  vertical 
position ;  for,  if  they  be  really  pebbles  and 
boulders,  the  beds  on  which  they  occujr  must 
origioally  have  been  nearly  horizontal.  Kow 
as  these  beds  are  at  present  placed  between 
others  which  are  also  vertical  and  in  the  same 
range,  it  follows  that  the  whole  have  been 
overlurned  and  thrown  up  at  a  period  sul)se* 
qaent  to  their  formation*. 

Gneiss,  micaceous  schist,  and  other  slate 
rocks  rest  upon  the  sides  of  Mont  Blanc,  and 
on  the  lower  declivities  of  the  mountain  are 
vast  masses  of  limestone. 

M^ny  of  the  mountains  in  the  exten^ve 

*  An  ofunioii  has  latdy  been  advanced,  that  the  rounded 
pebbles  which  occur  in  rocks  are  not  really  waterworn  frag- 
ments, but  original  parts  of  the  rock :  but  Saassure  says 
cscpressly,  tiiat  the  boulders  in  the  rocks  near  Mont  Blanc 
are  predaely  similar  to  the  boulders  on  the  shores  of 
the  lake  of  Geneva.  That  rocks  sometimes  include  pieces 
of  diflerent  kinds  of  stone^  which  in  fact  are  original  parts 
of  the  rock,  cannot  be  doubted ;  but  in  such  cases  there 
appears  a  gradual  transition,  from  the  subst^ce  of  the 
Mck  into  the  stone  which  appears  imbedded. 

range 
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range  of  th^  Andes  in  South  America  rise 
much  higher  than  Mont  Blanc ;  but  granite 
has  not  been  found  there  in  a  greater  elevap 
tion  than  eleven  thousand  five  hundred  feet» 
an  elevation  exceeded  by  many  of  the  gra* 
nite  mountains  in  EUirope.  The  range  of  the 
Ande^  Ls  the  seat  of  active  volcanic  fires» 
%^hich  appear  to  hav^  covered  the  primary 
mountains  with  an  immense  mass  of  matter 
ejected  by  antient  and  recent  eruptions.  In 
Mexico  and  New  Spain  also  the  granite  ap* 
pears  to  be  nearly  covered  by  basalt,  por« 
phyry,  and  lava,  ejected  from  the  nume- 
rous volcanoes  which  now  existj  or  have  ex- 
isted,  in  those  countries. 

To  tl]is  accumulation  of  volcanic  matter 
the  mountains  in  South  America  owe  their  8u« 
pefior  elevation.  Chimborasso  and  Cayambo 
are  the  highest  mountains  in  the  world ,-^the 
former  rises  twenty-one  thousand  four  faun« 
dred  and  forty  feet, — but  their  summits  are 
vast  cones  composed  of  volcanic  productions 
covered  with  snow*  Cbimborasso  is  one  mile 
and  one  hundred  and  sixty  yards  higher  thitfi 
Mont  Blanc.  The  general  arrangement  of 
the  Andes  consists,  according  to  Humboldt» 
of  granite,  gneiss^  mica^  oxA  clay  slatet  as  in 

the 
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Ips;  but  OD  these  are  frequently  laid 
porpbyrv  and  basalt,  "  arranged  in  the  form 
of  rpgolarand  immense  columns,  which  strik* 
the  eye  of  the  traveller  like  the  ruins  of  enor* 
moos  castles  lifted  into  the  sky." 

In  the  eastern  parts  of  the  United  Statesj 
and  in  Canada,  granite  is  seen  near  the  sur- . 
face  uncovered  by  other  rocks,  and  does  not 
rise  to  any  great  elevation.      The   constant 
ocxurrence  of  granite  at  a  lower  level  in  Amo-  ' 
nca  than  in  Europe,  is  a  remarkable  geolo* 
gicol  fact.     In  Europe  the  principal  moun- 
tain ranges  are  granite  ;  as  in  Scandinavia, 
the  Alps,  the  Pyrenneen,  and  the  Carpathian 
mountains.     In  Asia,  granite  forms  a  consU   ' 
ilerable  part  of  tlie  Uralian  and  Altaic  ranga 
of  mountains,  and  it  appears  to  compose  tlie 
principal  mountains  that  have  been  examined 
in  Africa. 

Granite  contains  few  beds  of  other  kinds  of 
rock,  nor  is  it  so  rich  in  metallic  ores  as  gneiss 
md  micaceous  schist.  Veins  of  tin  most  com- 
monly occur  in  granite,  and  tinstone  is  Id 
lome  situations  disseminated  through  it.  Cry- 
stals of  schorl,  topaz,  and  garnet  are  somo- 
times  foand  in  this  rock,  and  another  mineral 
be^«  <lescrib«d  by  the  name  of  hornblende 
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is  also  common  in.  some  kinds  of  granite,  as 
in  that  which  forms  the  summit  of  Mont 
Blanc.  The  German  geologists  will  not  allow 
the  name  of  granite  to  those  rocks  in  which 
hornblende  occurs ;  but  where  the  three  in* 
gredients  of  granite  Constitute  the  principal 
part  of  the  mass,  there  appears  to  be  no  rea- 
son for  the  objection;  And  surely  if  any  gra- 
nite has  the  title  to  primary,  it  is  that  of 
Mont  Blanc  and  the  mountains  in  its  vici** 
nity  :  but  from  the  description  of  it  given  by 
Saussure,  and  from  specimens  which  have 
lately  been  sent  me  from  thence,  I  am  con- 
vinced that,  were  we  to  be  guided  by  the 
theoretical  di^tmctions  of  some  geologists,  we 
must  cease  to  consider  those  mountains  as 
primary,  from  the  admixture  of  talc,  chlorite, 
and  hornblende  which  occurs  in  the  granite 
of  the  highest  alps. 

Granite  is  sometimes  met  with  not  under  the 
slate  rocks,  but  resting  upon  them  in  an  un-* 
conformable  position.  This  granite  has  been 
called  secondary.  It  appears  allied  to  the 
rocks  of  basaltic  conformation,  and  is  said  to 
have  been  recently  found  over  coal.  Secon- 
dary granite,  sienite,  and  some  kinds  of  por- 
phyry are,  I  believe,  essentially  the  same,  v^ 

Tying 
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lying  only  by  the  accidental  admixtures  of 
hornblende,  and  by  circumstances  which  liave 
dispdised  them  to  be  more  or  less  crystalline*. 
Secondary  granite,  as  it  is  called,  does  not 
possess  any  well  marked  characters  by  which 
it  can  be  distinguished^  from  priniary,  if  the 
description  given  of  both  by  some  geologists 
be  correct. 

8BCONDART  GRANITE.  PRIMARY  ORANITI. 

1  Felspar  oommonly  a  deep  red.    1  Sometimes  red. 

2  Contains  garnets.  2  Contains  garnets. 

3  Not  porphyritic;  but  accord-  8  Is  sometimes porphyritic. 

'  big  to^Prof.  Jamieson,  it 
18  sometimes  porphyritic. 

The  utility  of  such  vague  distinctions  is 
Bot  very  apparent. 

Granite  sometimes  forms  veins  shooting  up 

into  the  superincumbent  rocks :  this  is  a  fact 

of  some  geological  importance,  as  it  seems 

'    clearly  to  indicate,  either  that  the   granite 

has  been  in  a  state  of  fusion,   the  heat  of 

^  According  to  Brongniart,  also^  granite,  sienite,  and 
porphyry,  are  frequently  observed  graduating  into  each 
other  in  some  parts  of  France,  and  he  forms  tliis  conclu- 
lioQ  :  ^*  En  ^tudiant  les  granites  d'un  grand  nombre  de  pays 
pour  tacher  de  distiiiguer  clairement  les  anciens  granites 
des  Qouveaux,  on  trouve  presque  peu  de  pays  granitiques 
qu'on  puisse  rapporter  avec  certitude  k  cette  ancienne  et 
primitive  formation  des  granites."  Journal  des  Minef, 
Mars  1814. 

Tvhiob 
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which  has  softened  and  rent  the  upper  rocks^ 
iind  forced  up  the  granite  in  a  melted  stats 
into  these  fissures ;  or  else  that  the  gliMita 
and  the  rocks  resting  immediately  upon  it 
i;vere  both  in  a  fluid  state  at  the  same  tboei 
and  are  cotemporaneous.     A  remarkafaie  in^ 
itance  of  granitic  veins  in  argillaceous  schistoa 
at  Touschole   in  Cornwall,  is  described  in 
Dr.  Thomson's  Annals  of  Philosophy,  May^ 
1814.    "  The  schistus  is  of  a  grayish  colour, 
rather  hard,  but  breaks  in  large  fragments  io 
the  direction  of  the  strata.  The  granite  ii^  of 
a  fine  grain,  and  the  felspar  is  of  a  light  flesh 
colour,  and  contains  but  a  small  portion  of 
mica.     At  the  junction  numerous  veins  of 
granite  may  be  traced  from  the  rock  of  gra- 
nite  into  the   schiA.     Some  of  these  veins 
may  be  observed  upwards  of  fifty  yards,  till 
they  are  lost  in  the  sea ;  and  in  point  of  size^ 
vary  from  a  foot  and  a  half  to  less  than  an 
inch.     It  may  deserve  notice,  that,  as   the 
felspar  is  of  a  flesh  colour,  it  is  impossible  for 
any  observer  to  consider  them  as  quartz  veins: 
one  of  these  large  veins  is  dislocated,  and 
heaved  several  feet  by  a  cross  course.  Quarts 
and  fragments  of  schistus  having  the  appear* 
ance  of  veins  are  found  in  the  granite  veins* 

At 
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At  one  place  there  is  a  very  curious  nm]  aatis- 
fuctorv  plijpnomenon.  One  of  these  veins  ot* 
granite^  after  proceeding  vertically  some  di- 
stance, suddenly  forms  an  angle,  nnd  con- 
ttoues  in  a  direction  nearly  horizontal  for  se- 
Teral  feet,  with  scbistus  both  above  and  be- 
low it.  This  appearance  most  completely 
deitrovs  one  of  the  theories  suggested  for 
tbe  explanation  of  similar  veins  at  St.  Mi- 
chael's Mount,  viz.  that  a  ridge  of  projecting 
granile  had  been  left,  and  clay  slate  depo 
eitod  afterwards  on  its  sides." 

The  parts  of  England  and  Wales  where 
granite  and  granitic  rocks  occur,  are  Corn- 
wall, Devonshire,  North  Wales,  Anglesea,  the 
iialvern  hills  in  Worcestershire,  Charnwood 
forest  in  Leicestershire,  and  in  Cumberland 
and  Westmoreland.  The  granite  near  Simp 
in  Westmoreland  is  porphyritic,  containing 
large  crystals  of  red  felspar.  There  are 
rolled  masses  of  granite  on  the  banks  of  Ulsr 
»aler  resembling  the  granite  of  some  parts 
of  Cornwall,  and  of  the  Wicklow  mountains 
Iq  Ireland,  but  more  highly  crystalline  than 
tbe  latter.  The  felspar  is  in  large  white  and 
white  crystals.  The  mica  is  a  blackish 

kn^  and  on  the  outer  parts  decomposed. 
There 
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There  is  no  similar  rock  in  the  vicinity  known 
in  situ.  It  has  ail  the  cliaracters  given  by  mi- 
neralogists to  primary  granite.  I  am  inclined 
to  believe  that  the  same  formation  of  granite 
which  just  makes  its  appearance  on  the  western 
side  of  South  Britain  is  continued  under  the 
Irish  Channel ;  or  if  broken  there,  it  rises  again 
in  the  Isle  of  Man,  and  in  the  counties  of  Dub- 
lin and  Wicklow  in  Ireland.  Blocks  of  gra- 
rnte  are  found  in  the  beds  of  some  of  U|e  ri- 
^vers  in  the  north*west  part  of  Yorkshire^  and 
in  clay-pits  in  Lancashire  and  Cheshire>  at  a 
:great  distance  from  any  granite  iQountains. 
Most  of  tl\e  granitic  rocks  on  Charjiwood  fo- 
rest are  of  that  kind  denominated  sienit^., 

The  rocks  which  are  most  nearly  allied  to 
granite,  and  are  frequently  incumbent  on  it 
in  a  conformable  position,  are  gneiss,  and 
micaceous  schist,  or  mica  slate. 

Gneiss  may  be  considered  as  a  kind  of 
slaty  granite,  in  which  the  constituent  parts 
appear  compressed  and  disposed  in  layers. 
Mica  is  more  abundant,  and  there  is  less  fel- 
spar in  this  rock  than  in  common  grajiite. 
The  mica  is  generally  black,  and  the  felsipar 
white  or  gray,  *and  yellowish  white.  Some 
varieties  approach  nearly  to  the  structure  of 

granites : 


initcs:  oiliers,  in  which  the  mica  is  more 
abundantly  and  intimately  blended,  are  moreyi 
perfectly  slaty.  It  is  sometimes  waved.  Tliis^l 
rock  has  been  represented  as  stratified,  I  coo-  '■ 
ccive,,by  a  mistake  in  confounding  the  stra-.  ] 
titicd  with  the  slatj' structure,  the  latter  is  oo-:  I 
castonc-d  bv  the  quantity  of  mica  and  some-  * 
times  of  talc  Mhich  it  contains,  and  is  tha_( 
effect  of  crystallization*. 

Beds  of  crystalline  lime-stone,  andof  Iwrni;! 
blende  rock,  occur  in  gneiss.     It  containi^  I 
roost  of  the  metallic  ores,  both  in  veins  i 
bed*.     Crystals  called  garnets  are  frequently 
interspersed  in  gneiss,  but  are  more  commoft 
in  micaceous  schist,  which  h  nearly  allied  U|.J 
this  rock. 
^  Tbe  dechvities  of  granite  mountains  are 

ered  by  rocks  of  gneiss  in  many  parts  of 

TOC  world.  It  constitutes  tlie  principal  rock- 
formation  in  a  considerable  part  of  Sweden. 
It  occurs  in  Scotland  and  Ireland,  but  is 
scarcely  known  in  any  part  of  England  or  j 


*  The  partiugs  or  divisions  Id  rocks,  which  may  pro- 
paly  be  denominated  rents,  are  distinct  from  those  which 
■n  tbe  efl«ct  of  c-rystallizaUon,  and  may  be  distinguished 
yj  tbmt   irregularity,  roughness,   and  the  indeterminate  | 
Mnw  is  which  they  iutersect  the  stone, 

—  G  WalM. 
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'Wftks,  An  imperfectly  formed  gneiss  was 
obaeryed  by  Mr.  Horner  on  the  Malvern 
bilU*  i  have  also  seen  gneiss  brought  up 
from  the  mines  of  Cumberland,  in  ^Jil  pro* 
Iwbility  part  of  the  wall  of  a  vein.  Moun^ 
tiMn9  of  gneis3  are  not  so  steep  and  broken  as 
thoae  of  granite^  and  the  summits  are  gene* 

rally  ro^mded* 

The  name  is  borrowed  from  the  German; 
4{Dd^  accprdipg  to  Mr.  Jameson,  was  applied 
\xy  tbe  isnxpers.in  the  vicinity  of  Freybergh  to 
tibftd^omppsed  stone  that  forms  the  walls  of 
ibe  mim^i  Werner  first  ascertained  the  gneias, 
and  inti;odiUK;ed  the  name  into  geological  de« 
acription.  S^ussure  calls  this  rock  ''  le  granit 
Tein6/'     ij^oyage  dans  Ics  Alpes.) 

Midhslate  or  MiQaceous  ^chistus  ia.  fre-- 
quently  incumbent  on  gneiss  or  granite,  aod 
€0¥^red  by  common:,  sl^te :  it  passes  by  grat 
datbn  into  both  these  rocks, — the  coarser 
graiodd  .refembliQg  gneiss^  and  ihe  finef  l(ind# 
by  insensible  tr4nsition,  becoming  clay-slate* 

Micarslate  is  essentially  composed  of  .mica 
and  q^uartzm^imately  combined;  the  f«bpar, 
which  is  a  pnncipal  constituent  part  of  gra-t 
iiite  and  gneiss,  occurs  only  occasionally  in 
Trregular  riiasses  in  this  rock.     The.  coTouf  of 

micarslate 
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■flinte  is  generally  a  light  gray,  inclining 
sometimes  to  (rreen  or  yellow;  llie  iiner  kinds 
hare  a  pearly  lu.stre ; — in  the  coarser  kind  tha  ' 
lamioEC  of  mica  are  more  distinct  and  splen-  I 
dent.     Crystals  of  garnet  are  frequently  dis-  j 
seminated   in    mica-slate  :  it  contains  occM  I 
sionally  crystals  of  other  minerals.     It  has  8 
slaty  structure,  and  is  often  waved  and  cort*  | 
lorted,  and  divided  by  thin  laminEc  of  quarts/  | 
It  sometimes  contains  beds  and  lamina;  of  cry*  1 
stalline  Ume-stone,  or  is  intermixed  with  sep*  i 
pentine.     Mica-.'^hite  also  frequently  contaiiwJ 
beds  and  veins  of  metallic  ores.     The  grada*  I 
tion  of  raica-slato  into  gneiss  and  clay-slat^  | 
and  the  transition  from  granite  to  mica-slatej* 
may  be  distinctly  seen  in  some  of  the  ro 
r  Bray,  in  the  county  of  Wicklow,  in  I 
id.    i  have  observed  that  the  bedsof  mic^ 
slate  adjoining  the  granite  are  traversed  hf  I 
naraerous  and  large  seams  of  quartz  running  i 
parallel  with  the  slaty  structure  of  the  rockj  | 
and  increasing  in  size  as  ihey  approach  ih*  | 
granite.   The  quartz  has  a  greasy  aspect,  i 
is  evidently  of  cotcmporaneous  formation  witfe 
t|ie  mica-slate  and  granite. 

Mica-slate  has  a  near  affinity  to  clay-slatcf 

jttsl  have  arranged  the  latter  with  rock: 

G  2  of 
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of  the  second  class,  it  may  perhaps  be  doubted 
nvhether  tnioftrsbte  should  not  also  have  been 
transferred  to  the  same  class.  Some  recent 
observations  render  it  probable  that  not  only 
clay**9lftte^  but  what  is  called  gray  i^acke,  ap« 
praa^hes  sometimes  so  near  to  the  ^quality  of 
mica-olate,  that  it  becomes  difficult  to  deter* 
mine  with  which  rock  it  should  be  classed  : — 
tfab  i.  the  <»»  with  «>m.  of  tlu,  rock,  in  Com. 
iwUf  iforooMly  classed. with.  mica*slate.  ~No 
ilfieU  {cbftraelerized  rocks  of  maca-slate  of  ^ny 
exteatiOOcuriia'&iglaAd^  I  have  observed  a 
inicao6QttSrrocJ(^iWfhiiob.imay  be « considered^ 
an  imperfect  kind  of  nncarslate  near  .the  gmr 
IHtie^rocks  glMotint  Soair  hill,  but  it*we3.co«* 
Y«ited  ip(y)W«odf  which;  coQcealed  itSrjunctiKim 
ivith  «tber  iiocks^.>  Q^ahe  westerly  side  of 
Angkewr  9^^^  Holyheadi,  tliere  are  numerous 
rocks  ;of>iaA(tnteriBe4i«te  kind  l^etween  n^ca^ 
slate^and  taleouohaWtei .  The  lamiaae  <iurfi  ser 
parated;  by/i^^wy .  jlbii^  seams  of  quarts ;  ifto^  I 
huii^p  observed  ^^rne^f  them  bent  and  contyjactr 
ad io/vaf iouMlii:ectii»M9i  ania^jgiot MQ&eqn^n^y 
the  case  «ifh  mic$Hi]f$Ke  in  other  disl^rict^.  >. 
The  micarslate.<iii  the  : opposite  caAStwOf 
Ireland,  nea^  Br^y^  I  amii«c}iQ?d.to^<K>Q»d^r 
as  of  the.  same  formation  with  tlMMiiiQ.^Aii- 

glesea. 
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Probahly  this  rock  stretches  under 
1  channel,  nf  which  it  may  form  the 
^'Wd  in  thiit  parallel  o(  Intitude.  The  struc- 
ture of  both  rocks  is  the  same,  presenting 
the  same  divisions  by  thin  laminie  of  quartz; 
but  the  mica  of  Anglesea  is  more  combined 
with  talc.  Mica-slate  abounds  in  the  High- 
lands of  Scotland,  and  in  many  alpine  di- 
stricts in  Europe. 

Gnei-ss  and  mica-slate  are  nearly  altied  to 
each  other  and  to  granite.  Circumstance* 
attending  the  formation  of"  granite  appear  to 
have  produced  a  different  arrangement  of  the 
component  ingredients.  This  is  the  more 
probable,  as  both  gneiss  and  mica-.slate  some-, 
limes  graduate  into  granite,  and  have  at  other 
times  a  porpbyritic  structure.  In  some  situ- 
atioHR  the  causes  which  change  granite  into 
gneiss  or  mica-slate  have  not  operated,  and 
we  find  neither  of  these  substances  separating 
idiie  from  the  rocks  of  the  next  class. 
iCa  is  sometimes  so  mucli  intermist  vrith 
mon  sand-stones  that  they  can  scarcely  be 
Mistingoished  from  mica-slate.  Talc  supplies 
the  place  of  mica  in  some  granitic  rocks; 
these  are  softer  than  compound  rocks  con- 


It 
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It  may  not  be  undeserving  notice  to  atate 
that  in  the  vicinity  of  Woburn^  in  Bedford*- 
sbire,  I  have  observed  stones  by  the  road  side 
which  had  a  near  resemblance  to  talcous-slate^ 
both  ia  colour  and  structure,  but  were  murii 
softer.  Had  this  stone  any  connection  with 
the  fullers  earth  in  that  neighbourhood^  a 
substance  which  is  allied  to  talcoua  stones? 

The  mineral  substances  imbedded  in  pri- 
mary rocka  of  sufficient  iiiagnitude  to  form 
mountaki  masses,  are  crystalline  lime-stone, 
serpentine,  and  hornblende; 

Crystalline  lime'-stone. — ^The  most  remark^ 
able  of  these  subordinate  rocks  is  crystalline 
lime-stone,  as  it  is  principally  composed  of 
cftlca^us  earth,  which  scarcely  exists  as  a 
component  part  of  granite,  gneiss,  or  micap 
alate.  No  organic  remains  are  found  in  the 
crystalline  hme-stone:  in  primary  mountains 
the  structure  is  granular,  the  white  variety 
known  as  statuary  marble  resembles  fine  loaf 
sugar,  and  is  imperfectly  translucent;  hence 
it  has  been  called  by  the  French  chaux  car^ 
banatei  sctecareide.  The  colour  of  primary 
Ibne-dtone  is  sometimes  yellowish,  greenish, 
or  inclining  to  red.  From  a  mixture  of 
mica  it  has  often  a  slaty  filacture  and  divides. 

in 


CBrST*U.mB  LINK  (TON'S.  87 

1  plates,  from  which  circuinstance  it  lius 
described  as  stratified,  a  term  not  ap- 
icubio  to  rocks  that  are  grsinular  and  purely 
fnialiine.  It  may  be  further  deserving 
tic-e  tliat  the  primary  hme-stone  or  statuary 
blt»  frequently  contains  a  considerable 
ntiiy  of  silieeous  earth,  to  which  it  owes 
W  hardness  and  durabihty.  White  crystal- 
!  statuary  marble  occurs  in  the  Isle  of 
one  of  the  Hebrides,  and  many  rocks 
fticrystallinc  marble  intermixed  with  mica- 
late  and  serpentine,  are  found  in  dilTerenk 
parts  of  Scotland.  Neither  in  England  nor 
Wales  have  any  rocks  of  lime-stone  been 
found  which  [wssess  the  crystalline  translu- 
cent qualities  of  statuary  marble,  though  very 
benulifiil  mtirble.';  occur  which  will  receive  i«/^d 
hittlj  polish ;  these  belong  to  the  Ume-ston»*l 
which  will  be  described  in  the  followinjj 
chapter. 

White  marble  is  procured  from  ICily,  Swi64'  i 
Zetland,  and  the  Grjeclan  Archipelago.  Pn«'j 
marv  lime-stone  exists  in  beds  of  greater  of 
bs»  magnitude,  which  are  som<^times  so  thick  . 
u  to  form  entire  mountains.  It  was  onco'* 
supposed  that  all  calcareoaa  rock-^  and  strata.! 

tof  the  shells  of  imirine  antmalaf^ 
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and  it  cannot  be  doubted  that  many  of  ihom 
ar«  entirely  formed  of  these  organic  reauuns : 
but  in  the  beds  of  primary  lime-stone,  and 
even  in  some  of  the  secondary  lime-stones,  no 
vestiges  of  such  remains  occur*.  It  may  be 
said  that  the  process  by  which  primary  lime 
was  crystallized  destroyed  all  traces  of  orga- 
nization, and  though  it  would  be  impossible 
to  disprove  this,  yet  there  is  no  reason  to  be* 
lieve,»that  lime  may  not  exist  as  an  elemen- 
tary earthy  like  silex  or  alumine,  independaot 
of  the  operations  of  animal  life.  It  does  so 
exist  as  a  component  part  of  many  mineralst 
and  it  may  have  existed  in  sufficient  quantity 
to  form  the  mountains  of  primary  lime-stone. 
It  is  however  a  curious  but  undoubted  fiiet 
that  no  inconsiderable  portion  of  the  earth  s 
surface  has  been  formed  by  organic  secretton^ 
and  the  process  is  still  going  on  rapidly  and 
extensively  in  the  Southern  ocean.  Accord- 
ing to  the  observations  of  voyagers,  islands 
and  reefs  of  coral  rocks  are  raised  from  >yaat 
depths  in  the  course  of  a  few  years.  Tbua* 
miUions  of  minute  marine  polypi  aro  pre^ 
paring  future  abod^  for  other  classes  of  ,#oi* 
mals  of  .larger  siaee,  and  living  ;  in  .another 
element.    From  wh^nse  do  these  iomime^ 

rable 
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nible  zoophytes  and  shell-fish  procure  the 
lime  tlmt,  mixt  with  a  small  portion  of  ani-^ 
nml  raaiter,  forms  the  .sohcl  covering  by 
which  they  are  protected?  Have  they  the 
power  of  separating  it  from  other  substances, 
or  the  still  more  extraordinary  faculty  of  pro- , , 
ilacing  It  from  simple  elements?  The  latter 
I  consider  as  more  probable,  for  the  polypi 
which  accumulate  rocks  of  coral  from  un- 
fathomable depths  have  no  power  of  loco- 
motion ;  their  growth  is  rapid,  and  the  quan- 
tity of  calcareous  matter  they  produce  in  »■■ 
short  space  of  time  can  scarcely  be  supposed ' 
lo  exist  in  the  waters  of  the  ocean  to  which  ■ 
ihev  liave  access,  as  sea-water  contains  buS' 
a  mtnii[«  portion  of  lime. 

It  is  now  asrertainod  that  lime  and  the ' 
other  carth-t  are  compound.^  of  oxygen  united''  1 
with  meialiic  bases,  and  the  brilliant  di^* 
coveries  of  Sir  H.  Davy  respecting  the  m&» ' 
tuilic  nature  of  ammonia  would  lead  to  the 
conclusion  that  the  metallic  bases  of  all  the 
alkalie!>  and  alkaline  carlhs  M-hich  have  many  '  1 
properties  in  common,  may  like  ammonia  be 
compounds  of  hydrogen  and  azote,  but  diffa- 
rentiy  combined.     Now  it  is  well  known  that » 

tgen  and  azote,  which  exist  as  element 
ary 
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ary  constituent'  parts  of  almost  all  animal 
substances,  may  be  derived  trom  vater  and 
the  atmosphere,  and  should  the  compound 
nature  of  the  metallic  bases  of  the  eanhs  be 
ascertained,  the  formation  of  lime  by  animal 
secretion  will  admit  of  an  easy  explanation. 

The  beautiful  rock  called  serpentine  de« 
rives  its  name  from  its  variegated  colours  and 
spots  supposed  to  resemble  the  serpent's  skin ; 
its  chemical  composition  has  been  before  de* 
scribed.  The  colours  are  most  generally  %^ri- 
ous  shades  of  light  and  dark  green,  which 
are  intermixt  in  spots  and  clouds ;  some 
varieties  are  red.  When  fresh  broken  it  has 
some  degree  of  lustre,  and  a  slightly  unctU'^ 
ous  feel;  when  pounded  the  powder  feels 
soapy.  It  is  harder  than  limenstone,  but 
yields  to  the  point  of  a  knife,  and  will  receive 
a  very  high  polish.  When  serpentine  is  found 
intermixt  with  patches  of  crystalline  white 
marble,  it  constitutes  a  stone  denominated 
verde-antique,  which  is  highly  valued  for 
ornamental  sculpture.  Some  varieties  of  ser« 
pentine  are  translucent,  in  others  there  is  an 
appearance  of  crystallization  forming  a  mine** 
ral  called  schiller-span  The  minerals  associ^ 
ated  with  serpentine  are  generally  those  allied 

to 
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to  talc.  Serpentine  is  very  nearly  allied  to 
homUende,  and  compound  rocks  in  nvhich 
hornblende  is  a  predominating  ingredient 
are  well  known  to  graduate  into  serpentine. 
The  softer  serpentines  appear  to  be  formed 
of  an  intimate  intermixture  of  hornblende, 
with  talc  or  chlorite ;  a  late  analysis  of  one 
kind  of  serpentine,  ga%'e  as  much  as  48  per 
cent,  of  magnesia*.  This  rock  is  found  in 
beds  in  gneiss  and  slate  rocks,  and  sometime^ 
covers  them:  according  to  Brongniart  there 
is  in  the  Higher  Palatinate  a  mountain  of 
magnetic  serpentine,  in  which  there  is  no 
trace  of  magnetic  iron-stone,  i 

Serpentine  forms  the  upper  part  of  Mont 
Ro0a,  one  of  the  highest  mountains  in  Swit* 
zerland,  and  is  found  in  many  Alpine  districts 
in  Europe ;  but  according  to  Patrin  there  is 


*  A  species  of  serpentine  has  been  discoyered  in  thm 
Pyreimees,  formed  by  a  combination  of  talc  with  the 
mineral  which  Hauy  denominates  pyroxene  (the  augite 
of  Werner.)  The  latter  mineral  is  so  closely  allied  to  horn* 
blende  both  in  its  chemical  composition  and  its  physical 
qualities^  that  they  ought  perhaps  to  be  classed  as  varieties 
of  the  same  species,  as  they  differ  in  little  more  than  the 
primary  forms  of  the  crystals. 

no 
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no  serpentine  in  Northern  Asia,  nor  was  it 
observed  by  Humboldt  in  the  Andes*  In 
the  Alps  it  is  observed  that  the  rocks  of  ser- 
pentine lie  principally  on  that  side  which  faces 
Italy  and  the  coast  of  Genoa.  There  is  a  soft 
kind  of  serpentine,  sufficiently  tenacious  to 
be  turned  into  vessels  of  any  shape,  which 
resist  the  action  of  fire ;  hence  they  are  used 
for  culinary  and  other  purposes  in  some  parts 
of  Switzerland,  in  Lombardy,  and  even  in 
Higher  Egypt.  The  use  of  this  stone  is  of 
great  antiquity,  being  distinctly  mentioned 
by  Pliny;  it  is  called  lapis  oUarisj  or  pot* 
•stone. 

In  Cornwall  serpentine  occurs  with  a  mica- 
ceous rock  lying  over  granite,  and  forms  part 
of  the  promontory  called  the  Liisard  Point 
It  is  not  met  with  in  any  other  part  of  £ii« 
gland  that  I  know  of,  but  I  have  observed 
rocks  approaching  the  nature  of  serpentine  in 
Charnwood  forest,  and  in  the  county  of  Rad« 
nor  in  Wales. 

Beautiful  varieties  of  red  and  green  serpen* 
tine  occur  in  the  Isle  of  Anglesea,  about  six 
miles  from  the  Paris  copper-mine.  It  is  worked 
for  chimney-pieces,  columns,  &c.  by  Messrs. 

Geo. 


Geo.  Bullock  and  Co.,  Oxforcl-strcot,  London, 
from  whom  I  received  llie  following  account; 
— "The  quarries  are  now  working  lo  a  consi-: 
derable  extent,  and  with  a  fair  prospect  of 
ultimate  success,  although  hitherto  attended 
with  heavy  expense.  Like  many  other  pro? 
ductions  oi*  our  own  country,  thfi  introduction 
of  this  beautiful  stone  met  in  the  first  instancy 
with  a  very  decided  opposition;  but  thesplen*  i 
tlour  and  variety  of  its  colours,  and  the  high 
degree  of  polish  it  13  capable  of  receiving  by 
the  aid  of  a  powerful  steam  engine,  have  recom- 
mended it  to  public  favour.  It  is  proved  by  ex- 
perience that  the  colours  arc  indestructible, 
and  on  account  of  its  great  liardness  It  cannot 
easily  be  scratched  or  defaced,  nor  can  the 
polish  be  injured  eiilier  by  air,  nioisture>  of 
addfi.  Coiuinns  of  any  dimensions  may  be 
extracte<l  in  one  shaft.  This  stone  is  found 
in  large  detnched  pieces,  protruding  in  some 
places  above  ihe  surface  of  the  earth,  and  i^ 
is  a  considerable  deptli  before  the  beds  are 
observed  to  take  a  regular  form.  Near  it  is 
found  the  common  coarse  slate-stone  of  the 

intry,  with  occasional  veins  of  copper  orq. 

e  serpentine  makes  its  appearance  in  many 
parts  J 
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parts  of  the  estate ;  considerable  quantllies  of 
asbestus  lie  between  the  beds/'  They  hare 
since  come  to  a  lower  bed  of  greater  thick- 
ness and  extent. 

In  the  absence  of  a  more  definite  geologi* 
cal  description  of  its  situation,  the  above  ac- 
count may  be  acceptable^  It  was  not  dis- 
covered when  I  first  visited  Anglesea;  but 
from  some  specimens  shown  me  by  Mr.  Bul- 
lock this  serpentine  appears  connlcted  with 
talcous  slate  ^.  In  the  summer  of  1811  I 
was  requested  to  examine  some  blocks  of  this 
stone  at  Liverpool,  which  the  proprietors  sup- 


*  In  passing  through  Anglesea  in  1613  I  regretted  th|it 
I  had  not  an  opportunity  of  examining  this  rock  in  sUn* 
I  had)  however^  time  to  inspect  a  low  range  cS  rocks  aboin 
a  mile  north  of  the  five-mile  stone  going  to  HolyheAd^ 
composed  of  green  serpentine,  muvh  intermixed  witlimai 
of  white  quartz.  The  quartz  seem  also  intimately  pomr 
bined  with  the  substance  of  the  rock,  which  makes  it  ex* 
tremely  difficult  to  work  or  bring  to  good  polish^  nor  has 
it  the  rich  variety  of  colours  so  conspicuous  in  tNe  serpen* 
tine  before  described.  These  rocks  rise  about  thirty  or 
forty  feet  above  the  surface^  forming  detached  projecting 
masses.  The  rocks  in  the  vicinity  appear  an  intimate 
mixture  of  talcous  slate  and  chlorite  with  serpentine  and 
quartz. 

posed 
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Hpecimens  liave  the  clmractera  of  the  preciou? 
or  noUle  serpentine ;  the  colours  are  priuci* 
pally  dark  green,  interniixt  wiili  spots  and 
clouds  of  lighter  green,  and  shining  laniinaj 
of  schiller-apar  or  crystalUzed  serpentirtft 
The  tJracture  m  conchoidal,  and  it  is  tran^liK 
cent  at  the  edgea.  It  resists  the  point  of  a 
copper  or  hm.sM  tool,  and  breaks  with  great 
difticidty.  Some  varieties  contain  crystalline 
lime'Stonc,  but  in  smalltT  patches  than  in  tb« 
Itfiian  verde>antique ;  occasional  stripes  and 
of  steatite,  asbest,  und  quartz  occur  in 
The  red  is  soineliniea  iutermixt  with  a 
great  variety  of  other  rich  colours  in  the 
same  stone,  as  black,  white,  greenish  white, 
and  dark  green.  It  may  be  considered  as  a 
most  valuable  stone  for  purposes  of  oma« 
mental  architecture,  for  in  beauty  and  dtira- 
biiity  it  is  not  exceeded  by  the  costly  marbles 
of  Greece  or  Italy. 

Hornblende,  described  as  a  simple  mineral 
in  ibe  first  chapter,  occurs  in  beds  in  gneiss;' 
when  it  occurs  in  this  situation  it  is  called 
iiiiditive  trap,  when  it  has  a  slaty  structure 
called  hornblende-slate,  and  when  inter- 
niixt 
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mi&t  with  crystals  of  felspar  it  is  called 
green-stone.  Rocks  in  which  hornblende  forms 
a  predominant  part  will  be  more  particularly 
described  in  a  subsequent  chapter.  D'Aubuis* 
son  considers  the  primitive  trap  near  Mont 
Blanc  as  granite  or  gneissi  with  an  accidental 
mixture  of  hornblende ;  perhaps  future  obser^ 
vations  may  confirm  this  conjecture,  and  ex^ 
tend  it  to  primitive  trap  in  other  districts. 

Werner  has  enumerated  four  otlier  piimtiiry 
rocks,  which  I  consider  as  of  too  rare  occuTr 
rence  or  too  little  known  to  form  distinct  orf 
ders.  These  are  topaz  rocky  white  stooe^ 
gypsum,  and  quartz  rock.  The  two  first,  m 
fax  from  being  universal  formations  or  beings 
spread  universally  over  the  earth's  surfilci^^ 
are  not  known  to  occur  except  in  one  or  two 
situations.  It  is  therefore  extremely  absurd 
to  class  these  as  distinct  orders,  and  to  omic 
other  rocks  wliich  are  of  far  greater  extent 
and  importance.  Jasper  for  instance,  whioh 
is  oraiitted  by  Werner  is  said  by  travellers  to- 
form  a  chain  of  mountains,  on  the  eastern 
side  of  Siberia,  of  more  than  one  thousand 
miles  in  extent,  a  space  far  greater  than  that 
in  which  Werner  laid  the  foundation  of  his 

system. 
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system.  Had  the  professor  been  originally 
placed  in  Siberia,  instead  of  Saxony,  ^;ve 
should  doubtless  have  had  a  Jasper  Geognosy ^ 
to  which  his  disciples  would  have  bowed  with 
as  much  superstitious  reverence  as  to  the  Geo-' 
gnosy  of  Freybergh.   ' 

Felspar  also  sometimes  forms  entire  moun- 
tains, and  might  for  the  same  reason'  be  en- 
titled to  constitute  a  distinct  order  of  rocks. 
Certain  causes  appear  to  have  operated  lo- 
cally, and  separated  the  quartz  and  felspar 
of  granite  into  masses  of  vast  extent  The 
beautiful  conical  mountains  called  the  greater 
and  lesser  Sugar  Loaf,  in  the  county  of 
Wicklow,  are  composed  of  quartz ;  it  extends 
also  across  the  upper  part  of  the  picturesque 
glen  called  the  Dargle,  where  I  had  an  oppor*- 
tanity  of  examining  it  The  quartz  has  some- 
what of  a  greasy  aspect,  and  appeared  similar 
to  that  which  forms  numerous  veins  in  the 
mica-slate  near  its  junction  with  the  granite 
in  the  adjoining  mountains  to  the  north.  I 
therefore  am  inclined  to  infer  that  it  is  of 
cotemporaneous  formation  with  those  veins. 
According  to  the  observations  of  Dr.  Mac- 
cullochy  the  quartz  rocks  of  the  island  of 
Jura,  and  many  parts  of  the  Highlands,  pre- 

II  iseut 
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sent  evident  indications  of  being  compoied 
of  fragments  and  roundfk]  pieces  again  unitedi^ 
and  is  in  fact  a  species  of  quartzose  sand^stoMb 
Topaz  rock  is  a  granitic  rock  containing  piin« 
cipally  crystals  of  quartz,  a  mineral  called 
schorl,  and  topaz ;  it  has  been  fbund  only  in 
one  situation,  near  Anerbach^in  Saxcm  Vci^tM 
land«  What  is  denonunated  white-stone  con« 
silits  of  white  ^Ispar,  white  qoartz,  and  gaiw 
net<(«  Gypsum  occurs  oecasionally  among  ^di0 
Alps  in  Switzerland ;  but,  according  to  tho 
recent  observations  of  iXAttbuisson,  many  of 
the  mountouna  in  that  country  which  have 
hitherto  been  denominated  primary  contain 
organic  remains,  and  must  be  ckeissed  witb 
secondary  rocks.  If  all  the  varieties  of  roek 
found  amongst  the  piimary  were  arranged  in 
distinct  orders,  the  number  would  be  inda* 
finitely  extended,  and  the  science  encumbereil 
with  a  list  of  names  which  wouki  be  of  Mttla 
tase*  it  is,  I  conceive,  better  to  class  thew 
varieties  under  one  head  as  anomalous,  and 
to  describe  their  peculiarities  whenever  they 
occur; 

The  metallic  ores  peculiar  to  difierent  pvW 
mary  and  transition  rbcks  will  be  subsequently 
enumerated. 

Primary 
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Primary  mountains  being  principally  com- 
posed of  siliceous  earth,  are  unfavourable  to 
vegetalion,  and  from  their  extreme  hardness 
and  precipitous  declivities  seeni  doomed  to 
eternal  barrenness ;  but  in  tlie  kpse  of  ages 
licbens  and  mosses  attach  themselves  to  thetr 
side*,  and  by  their  decay  accumulate  soil  for 
Tcget«ble«  of  larger  growth.  Water  wears 
down  the  hardest  stones  on  the  earth's  sur- 
&ce  by  continued  attrition.  It  also  permeates 
the  fissures  of  rocks,  where  it  is  expanded  by 
frost,  and  breaks  down  large  masses  in  a  single 
night.  The  progress  of  disintegration  is  slow 
but  certaiDi  aad  the  agency  of  air,  of  watef, 
ol  beat,  and  light,  is  msensibly  but  constantly 
opemth'e  in  "  converting  stones  into  bread," 

Kn  other  words,  in  preparing  soils  from  tha 
i  sterile  rocks  for  the  support  of  vegetable 
animal  life*. 
^late  1.  fig.  I,  is  supiwsed  ta  represent  tbe  section  of 
4  counuy,  K'bcru  (granite  is  seeu  abovt  the  surface  at  a^ 
gtaaax  at  2,  inka-slate  3,  !ilatc  and  other  transition  rucks 
4  aoA  5,  secondary  rocks  6.  In  passing  from  secondary 
rocks  to  the  primary,  it  freqnently  happens  that  the  inter- 
■ti'BtIr  rocks  4  tad  5  occupy  aa  etlent  ol  niany  miles  or 
iMgneiy  sntl  soiuvtimea  cover  a  whole  district.  6  rcpre- 
■ctit:  a  rock  imbedded  in  slate. 
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CHAPTER  V. 

ON   SLATE    AND  OTHER   TRANSITION   OR 
LOWER  SECONDARY  ROCKS. 

J^ks  of  this  Class  contain  certain  Organic  Re* 
\ -mains-'^-are  commonly  Metalliferous. — ArgHla- 
:  CGous  Schistus  or  Slate. — Varieties  of  Slate. — 
Gray-wackc-^^Mttalliferous  Lime-stone. — J5jv 
tensive  Caverns  in  thisLimt-stone. — Amygdtdmd 
of  Derbyshire. — Opinions  respecting  its  Forma- 
tion.— General  View  of  Primary  and  Transi- 
tion Mountains. 

J^EAviNO  the  rocks  denominated  primaryf 
we  come  to  the  next  class  called  transition  or 
intermediate.  These  rocks  are  particularly 
distinguished  as  being  the  lowest  in  whicb 
fossil  remains  of  animals  or  vegetables  are 
found ;  they  may  be  regarded  as  ancient  re- 
cords imprinted  with  the  natural  history  of 
the  first  inhabitants  of  the  globe.  We  learn 
from  the  organic  remains  and  impressions^ 
which  these  rocks  contain,  that  zoophytes 
and  shell-fish,  which  are  considered  as  form- 
ing the  lowest  link  in  the  scale  of  animal 
creation,'  were  the  first  that  received  the  gifit 
of  life.     In  the  rocks  above  these,  remains 

of 
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*  of  animals  occur,  which  possessed  a  more 
eo'mplex  organization,  with  the  added  facuir 
ties  of  sight  and  locomotion.  It  is  also  de- 
serving  notice,  that  the  organic  remains  in 
the  rocks  of  this  class  belong  to  species  of 
animals  that  no  longer  exist  on  the  earth, 
and  the  few  impressions  of  vegetables  are  ob- 
served by  botanists  to  be  those  of  monoco- 
tyledons. 

Geologists  have  been  frequently  perplexed 
in  attempting  to  determine  whether  certain 
rocks  belonged  to  the  transition  class.  The 
uncertainty  arose  principally  from  placing 
argillaceous  scbistus  in  the  class  of  primary 
rocks  ;  and  the  disciples  of  Werner  are 
obliged  to  introduce  the  theoretical  terms  of 
newer  and  older  primary  slate,  and  newer 
and  older  transition  slate,  to  adapt  their 
system  to  the  different  situations  in  which 
slate  rocks  occur. 

The  following  arrangement  includes  in  the 
same  class  the  lower  secondary  rocks,  which 
are  either  commonly  metalliferous,  or  are 
subjacent  to  rocks  which  contain  metallic 
veins.  A  character  much  more  definite  than 
perhaps  any  other  that  could  be  named  to 
designate  this  class.     Some  instances  occa* 

sionally 
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tcooally  occur  of  metalfic  veins  shooting  into 
the  upper  secondary  rocks, — but  these  are 
y«ry  rare. 

1  Argillaceous  schistus,  slate,  or  clay*slate 

of  Wernen 

2  Flinty  slate. 

S  Subcrystalline  lime-stone,  metalliferousu 

4  Gray^wacke  and  gray-wacke  slate. 

5  Red  sand-stone,  called  the  old  red  sand* 

stone  and  two  subordinate  rocks,  trap 

and  gypsum. 
Argdlaceous  schistus,  clay-slate,  or  roof« 
slate,  is  very  generally  spread  over  alpine 
dietricts;  it  rests  on  mica-slate,  gneiss,  or 
granite.  That  slate  which  lies  nearest  the 
primary  rocks  has  a  more  shining  lustre  than 
the  other,  and  partakes  more  of  the  crystal* 
line  quality  of  mica-slate.  As  this  rock  re* 
cedes  from  the  primary,  it  more  frequently 
contains  organic  impressions.  Its  colours  are 
various  shades  of  gray,  inclining  to  blue, 
green,  purple,  and  red.  Some  kinds  of  slate 
split  into  thin  laminas,  which  are  well  known 
as  forming  roo^slates.  The  external  struc* 
ture,  or  that  of  the  mountain  mass,  is  tabu« 
)ar,  consisting  of  tables  or  plates  of  rarioua 
degrees  of  thickness,  which  generally  are 

much 
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^^nich  elcTated.  TliU  rock  is  always  repre- 
^^■ipted  as  stratified  ;  but  in  this  respect  it  r&  | 
^TlMibles  gneiss  and  mica-slate,  and  the  slaty 
and  tabular  structure  are,  I  conceive,  the  eft 
feet*  of  crystalhzation,  depending  on  the  na» 
lure  of  its  constituent  parts.  In  the  slate-  | 
rock  at  Charnwopd  forest  the  sluty  lamini 
make  an  angle  of  sixty  degrees  with  thfl 
principal  seum  by  which  the  rock  is  di-  ] 
Tided,  Almost  all  the  rockn  of  this  district 
have  a  tendency  to  assume  regular  pyrami- 
dal  forms. 

Slate-rocks  vary  in  tlieir  qviality,  and  pnsf 
by  transition  into  tlinty  slate,  which  appears 
to  difier  from  common  alale  by  containing  » 
greater   proportion  of  siliceous  earth.     Tal- 
S^Ui  and  chlorite  slato  contain  an  intermix^,! 
ten  of  talc  or  nuignesia.     Drawing  slato  if 
4teted    to  contain    11   per  cent,   of  carhoiu  | 
•Wbe&^late  or  Hone  ts  aUo  a  vai  ioty  of  slate. 
B^dsof  diflerent  rocks  occur  in  mountains  of  1 
flote,  tliey  are  frequently  intersected  by  veint  ] 
of  quarts  and  by  veins  and  beds  of  metallic 
ores.     Carbonaceous  matter  is  first  discover- 
able in  slate-rocks,  and  increases  as  we  aj^ 
proach  the  secondary  strata.     Vegetable  im- 
prcseioos  are  found  in  some   »late-rocL* 

very 
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very  elevated  situations,  as  in  the  vicinity  of 
Mobt  Blanc. 

Those  varieties  of  roof-slate  are  preferred 
for  the  covering  of  buildings  which  havte  the 
smoothest  surface  and  split  into  the  thinnest 
plates ;  they  are,  however,  frequently  made 
too  thin  to  be  durable,  and^  too  hght  to  resist 
the  force  of  the  wind  during  storms. 
'  Quarries  of  slate  are  worked  extensively 
in  Westmoreland,  Yorkshire,  Leicestershire, 
North  Wales,  Cornwall,  and  Devonshire.  The 
Yorkshire  slate  contains  cubic  crystals  of 
pyiites,  and  is  sometimes  covered  with  thin 
pyritic  configurations  resembling  trees,  hence 
called  ^  dendriticaL' 

Mountains  of  slate  are  seldom  so  precipi« 
tous  as  those  of  granite ;  they  may  be  distiiv* 
guished  at  a  distance  by  their  outline,  which 
is  less  broken  and  craggy.  On  a  nearer  ap^ 
proach,  they  are  seen  covered  with  verdure  on . 
their  dechvities,  as  they  contain  less  silex  and 
a  mor^  equal  admixture  of  the  earths  favour-^ 
able  to  vegetation. 

Flinty  slate,  as  I  before  observed,  diflfers 
from  common  slate  by  containing  a  greater 
quantity  of  siliceous  earth,  and  as  its  naoie  * 
implies  it  partakes  of  tlie   nature  of  flint. 

Slate 
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Slate  and  flinty  slate  pass  into  each  other, 
and  frequently  alternate.  When  the  latter 
ceases  to  have  the  slaty  structure,  it  becomes 
hom-stone,  or  what  the  French  denominate 
-petro^ex.  If  it  contain  crystals  of  felspar^ 
it  becomes  horn-stone  porphyry :  all  these  va- 
rieties may  be  observed  alternating  with  each 
other  in  the  same  rocks  in  Charnwood  forest, 
and  in  North  Wales  and  Cumberland. 

A  rock  to  which  the  Germans  have  given 
the  barbarous  name  of  grau-wacce  (gray- 
wacke)  belongs  to  this  class.  Gray-wacke  is 
composed  of  clay-slate,  containing  imbedded 
gruns  and  fragments  of  other  minerals,  par- 
ticularly of  indurated  clay-slate,  quartz,  and 
flin^  slate.  According  to  the  size  of  the 
grains  or  fragments,  it  is  denominated  fine  or 
coarse  grained  gray-wacke.  The  finer  gramed 
varieties  acquire  a  slaty  structure,  and  are 
called  gray-wacke  slate,  which  is  only  a 
coarser  kind  of  clay-slate.  Some  varieties 
contain  so  much  mica  as  to  pass  into  mica- 
slate.  Gray-wacke  alternates  with  vast  beds 
of  lime-stone,  flinty  slate,  and  trap.  It  fre- 
quently contains  metallic  veins  and  beds. 
The  grains  or  fragments  in  some  kinds  of 

gray- 
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gray»wacke  are  of  such  a  size  aa  to  approack 
to  the  nature  of  a  conglomerate  rock  or  piuiU 
dingHsttone. 

Some  geok>gists,  who  once  considered  the 
inixtnre  of  mechanical  depositions  or  fra^* 
ments  as  a  marked  character  of  tranriticai 
rocks,  now  consider  such  apparent  fragmiNitB 
to  be  the  result  of  crystallization,  as  theyem 
sometimes  observed  to  graduate  into  the  baas 
of  the  rock  in  which  they  are  imbedded^ 
See  Professor  Jamieson  on  the  Mineralogy  of 
the  Pentland  Hills,  and  on  Conglonomrated 
Rocks, — ^Memmrs  of  the  Wemerian  So^t^ 
Tol,  ii.  part  1«  The  advocalea  of  a  diflbient 
system  might  with  equal  probability  say  tbait 
these  imbedded  pieces  were  real  fragments 
partially  softened,  and  fused  by  internal  heat, 
and  thus  blended  with  the  base,  particularly 
as  the  organic  remains  in  some  of  these  rocks 
prove  that  they  must  have  been  formisd  at 
di^rent  periods,  whatever  may  have  been  tlie 
process  by  which  they  subsequently  became 
imperfectly  crystallized. 

Gray-wacke  is  nearly  allied  to  clay«-slate, 
and  the  finer  kinds  of  gray*wacko^late  pan 
into^elBy*-slate,  and  are  not  to  be  distinguished 

liBom 
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These  rocks  are  commonly  inteiw 
sected  by  veins  of  quartz,  and  are  rich  in 
metallic  ores. 

Gray-wacke  is  met  with  on  the  western  sidf 
of  England,  and  in  Wales.  In  the  north  part 
of  Radnorshire  is  a  lofty  range  of  mountain* 
composed  of  gray-wacke,  which  on  the  eastern  • 
extremity  gnuiuatfs  into  sand-stone,  and  on 
the  western,  into  root-slate.  When  engaged  ia 
s  mineralogical  examination  of  some  estates 
ID  that  countv,  I  explored  a  section  of  thii 
rock  not  leas  ttian  thirteen  hundred  tt>et  in 
thickness  in  a  deep  ravine  which  intersected 
a  lofty  mounuiln  near  New  Radnor;  it  wai 
diittinctly  stratilied,  and  contained  no  bei^i* 
of  foreign  rock  that  I  could  discover  in  any 
part  from  the  summit  to  the  base.  In  soni« 
parts  it  had  a  tendency  to  a  rhomboidal  fomk 
Gray-wacke  was  not  observed  by  Humboldt 
in  tlic  Andes. 

The  lime-stone  which  occurs,  alternating 
with  rocks  of  slate  and  groy-wacke,  has  been 
called  transition  hme-stone.  The  present  ar- 
iwigcment  includes  in  the  same  class  the  vast 
of  mountain  limestone  which  occur 
i;  on,  or  alternating  with  red  sand-stone 
fay-wacke.     The  lower  beds  of  this  rock 
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in  the  alpine  parts  of  England,  agree  in 
many  of  their  characters  with  the  former, 
and  as  it  is  now  admitted  that  there  is  no 
well  marked  difference  between  the  transition 
rocks,  and  what  were  called  by  Werner  the 
lowest  floetz  rocks,  it  is  useless  to  retain  vague 
distinctions,  which  only  serve  to  support  un- 
founded hypotheses.  The  transition  lime* 
stone  and  mountain  Hme-stone  agree  also 
in  the  important  characters  of  being  rich  in 
metallic  veins,  and  in  containing  beds  of 
trap  and  amygdaloid.  They  both  exist  in 
masses  of  vast  thickness,  and  often  form  en« 
tire  mountains,  presenting  lofty  perpendicu- 
lar cliffs  and  deep  ravines.  This  lime-stone 
is  less  crystalline  and  more  compact  than  the 
primary.  The  lower  beds  often  exhibit  a 
variety  of  colours  and  are  sometimes  black 
and  gray.  The  upper  beds  are  more  distinctly 
stratified  than  the  lower,  and  abound  more 
in  marine  petrifactions.  The  organic  remains 
belong  to  animals  no  longer  existing  on  the 
globe.  The  variegated  Hme-stones  of  Devon- 
shire  and  Cornwall  may  be  considered  as  the 
lower  transition  lime-stone  of  some  geologists, 
and  the  Ume-stohe  of  Craven  in  Yorkshire, 
and  the  peak  of  Derbyshire. as  the  alpine  lime- 
stone. 
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8t6ne.  The  lowest  beds  of  lime-stone  roqks 
in  the  latter  districts  are  of  vast  thickness,  are 
compact  or  finely  granular,  and  contain  few 
organic  remains,  compared  with  the  upper.  It 
is  in  these  lower  beds  of  mountain  lime-stone, 
that  enormous  natural  caverns  frequently 
occur,  such  are  the  well  known  cavern  near 
Castleton  and  Pools  bole  near  Buxton  in  Der- 
byshire, and  Yordas  cave  under  Whemside  iff 
Craven:  GOrdal  scar  and  Weathercock  cave 
in  the  same  district,  cannot  properly  be  called 
caverns,  as  they  are  open  to  the  day,  but  the 
latter  was  probably  once  a  cavern  of  which  the 
roof  has  fallen  in.  In  all  these  caverns  and 
others  that  I  have  observed  in  this  lime-stone^ 
there  is  a  stream  of  miming  water,  which  is 
more  or  less  copious  in  rainy  or  dry  seasons^ 
and  I  am  inclined  to  believe  that  the  cavemt 
have  been  formed  by  the  agency  of  water  per- 
colating through  natural  fissures,  and  in  the 
lapse  of  ages  excavating  the  softer  or  more 
broken  parts  of  the  rock.  The  prodigious  force 
with  which  these  subterranean  streams  rush 
through  the  openings  of  some  of  these  caverns, 
after  continued  rains,  suggests  the  probability 
of  this  mode  of  formation.  The  whole  of  that 
•  enormous  mass  of  lime*stone  in  Craven,  from 

Ingleborougli 
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ingleboroogh  atid  Whernside  to  Gordal  is  ia^ 
tersected  by  perpendicular  fissures  which  anr 
narrow  at  the  top  and  become  wider  as  ^kmy 
descend,  through  >irhich  the  water  maj  bo 
heard  to  ran  at  a  vast  depth  below.  These 
finseeii  but  eter  active  streams  are  slowly  bat 
progremvely  wearing  down  the  internal  parts 
of  these  calcareous  mountains  and  depoeitiiig 
tiiem  in  the  sea. 

The  metalliferous  lime*stone  of  Derbysfabv 

contains  thick  beds  of  trap  or  basalt*    In  one 

6r  two  instances  the  Derbyshire  trap  has  beea 

observed  to  assume  the  columnar  structomi^ 

Other  beds  contain  cavities  filled  with  caloa^ 

reous  spar :  they  are  provincially  called  toad** 

stone,  the  amygdaloid  of  mineralogists.  Some 

varieties  have  a  near  resemblance  to  lava, 

Mid  were  supposed  by  Mr.  Whitehurst  to 

have  been  forced  between  the  beds  of  lime- 

stone  when  in  a  state  of  fusion.     Were  we 

to  admit  their  igneous  origin,  a  more  natural 

supposition,  I  conceive,  would  be  that  thejF 

were  formed  at  distant  periods  of  time,  by 

successive  eraptions  of  submarine  volcanoea, 

when  these  mountains  were  covered  by  the 

ocean;  for  it  cannot  be  doubted  that  they 

n^bre  once  under  tbe  sea*    From  recent  ob« 

senrationa 
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Krvations,  we  have  reason  to  believe  that 
the  agency  of  siibniarine  volcanoes  is  verv 
exteiiMve.  Probably  many  of  the  (lifit-rence* 
observed  in  volcanic  produci.s  and  basaltie 
rockA,  were  occasioned  by  the  diilerent  cir-4 
cumstanccs  to  which  they  were  exposed  afteit 
tlieir  eruption,  on  the  dry  lund,  or  under  thfl 
incumbent  pressure  oftbewater»  of  ilie  ocean* 
The  trap  or  ^reen-slonu  of  Cornwall,  wliicb 
occurs  in  tranitition  rocksi  has  no  characters 
by  u'liich  it  can  be  distinguislied  from  that- 
found  in  primary.  Gypsum,  or  lime  com-^ 
bined  with  sulphuric  acid  in  a  crystalline 
state*  has  been  occasionally  observed  io 
transition  mountains,  but  is  of  too  rare  occurw 
rettcc  to  merit  a  particular  description  in  am 
introductory  work.  * 

The  red  sand-stone  called  by  Werner  ths 
old  red  sand-stone*,  is  composed  of  grain* 
principally  of  quartz,  and  often  coloured  red 
bv  the  oxyd  of  iron.  It  forms  beds  of  vast 
lhickne&S|  the  upper  and  lower  parts  fre*. 
miently  rary  much  in  quality  and  fineness* 
L^ibthe  grain.     This  rock  commonly  rests  o» 

^^^P'ln  th«  irrangement  or  Werner  this  is  the  lowest  of  th^  I 
^^^■Btrockft}  but  w  it  it  not  <]i»inctly  stratifiect,  and  aoins-^  I 
^^nilp  aitcmales  with  txanslttou  and  ineUlliferoui  rockt,  1^,  [ 
'       lire  (Uued  it  with  thfin. 

roarsft 
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coarse  slate,  of  gray-vracke.  It  occupies  ft 
considerable  part  of  the  north-western  coun- 
ties of  England, '  from  Cqmberland  to  Lanca* 
jshire,  Cheshire,  and  Shropshire.  The  metals 
liferous  lime-stone  of  Durham  and  Nor^ 
tmtberland  rests  upon  this  rock.  See  the  chap^ 
ter  on  the  geology  of  England.  It  is  very  indi^ 
stinctly  stratified,  and  is  remarkable  for  ^ut^ 
ting  off  the  coal,  for  whenever  it  occurs,  all 
search  for  coal  beneath  it  is  useless.  Then 
ure  however  some  of  the  upper  sec6ndai;y 
sand-stones  alternating  with  coal,  which  very 
nearly  resemble  this  rbck  both  in  colour  audi 
other  external  characters.  The  rocka  associ* 
ated  with  the  red  sand  rock,  terminate  ibti 
series  of  transition  rocks,  containing  metallic 
veins,  and  the  more  antient  organic  relics  of 
marine  animals.  The  strata  which  immedi- 
ately co\'er  them  abound  principally  in  im- 
pressions of  vegetables,  and  contain  few  re-' 
mains  of  animals  of  any  kind.  It  is  however, 
well  deserving  notice,  as  marking  the  changes 
which  the  surface  of  our  planet  has  undergone 
that  after  a  succession  of  numerous  beda  and- 
strata  containing  almost  exclusively  vegetEu 
ble  remains^  whose  total  thickness  is  in  some. 
situations  more  than  one  thousand  five  hiin- 

'drerf 
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fired  yard^i,  we  again  meet  with  calcareous 
rockSft  abounding  in  remains  of  marine  anl» 
mals  but  different  from  those  in  the  Idwer 
rdcks.  Before  proceeding  to  describe  the 
odier  secondary  rocks,  it  will  be  proper  to 
notice  a  class  of  rocks  which  have  no  regular 
order  of  succession,  but  which  appear  to  have 
been  forced  through  and  spread  over  the  mote 
regular  beds  of  rock,  in  various  parts  of  the 
wofkl ;  the«e  are  the  rocks  of  basaltic  confer- 
mation,  including  porphyry,  sienite,  and  trap. 
They  occur  among  rocks  of  the  preceeding 
and  subsequent  classes. 

Primary  and  transition  rocks  constitute  the 
loftiest  mountains  and  mountain  ranges  in 
every  part  of  the  world,  except  such  as  are 
of  volcanic  origin.  They  are  the  repositories 
of  the  most  valuable  metallic  ores,  and  they 
supply  us  with  materials  for  durable  architec- 
ture and  sculpture.  They  have  besides  the 
most  important  uses  in  their  physical  influence 
on  the  climate  and  habitable  condition  of 
the  globe.  They  collect  and  condense  clouds 
and  vapour;'  hence  springs  and  rivers  have 
their  origin,  and  are  precipitated  to  fertilize 
distant  regions.  The  loftiest  mountains  in 
the  torrid  zone  are  covered  with  eternal  snow, 

[  and 
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and  serve  to  cool  imd  equalize  the  tempera-' 
tur6  of  countries  which  would  otherwise  be 
unfit  for  the  abode  of  man.  They  arrest  the 
progress  of  the  winds,  and  cause  currents  in 
itiie  atmosphere,  by  which  it  is  rendered  pure 
tod  salubrious.  Nor  ought  wei  to  omit  that 
they  adorn  and  diversify  the  surface  of  the 
globe  with  all  those  picturesque  and  magni- 
ficent scenes  which  afford  such  exquisite  de- 
Kght  to  the  lover  of  nature; — scenes  that 
tranquillize  the  mind,  and  elevate  the  imagi- 
nation to  a  better  world. 

^^ the  ineiepressive  strain 

Difiiises  its  enchantment.  Fancy  dreams 
Of  sacred  fountains^  and  Elysian  groves^ 
And  vales  of  bliss."  Aksnsidb. 

The  reasoning  faculty  awhile  yields  to 
these  charming  illusions;  or,  as  the  same 
poet  expresses  it, 

««  ■   The  intellectaal  power 

Bends  from  his  awfiil  throne  a  wondering^  ear^ 
And  smiles.'' 

Surely  it  may  be  regarded  as  a  proof  of 
benevolence  and  design  in  the  constitution 
of  the  universe,  that  the  Author  of  nature 
has  framed  our  senses  and  faculties  to  receive 
such  delightful  impressions  from  the  inani- 
mate objects  with  which  we  are  surrounded. 

CHAP^ 
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frSALTIC    ROCKS,     POnPHYRT,    AND    S I- 
ENITE. 

of  these  Rocks,  their  Gradation  into  each 
ier»  and  resemblance  to  P'otmnic  Products. — 
^tt  Green-stone,  Basalt,  Amifgdahid,  and 
'Porjtkifri/  described, — Neglect  of  .Porphyry  by 
modern  Architects. — Various  Formations  of 
Porphyry. — Columnar  and  Globular  Basalt. — 
Experitnents  illustrating  their  Formation. — Ba- 
saltic  Rocks  of  Auvergne  and  Sicily. — Basaltic 
Colainm  of  Ireland  and  the  Scotch  Hebrides, — 
Basaltic  Rocks  extending  in  the  same  parallel 
of  longitude. — Speculations  of  different  Geolo- 
gists.— Theory  of  fVcrncr. — Observations  of 
Sir  G.  Afackenzie  in  Iceland. — Remarkable  ap- 
pearance of  Basalt  at  (he  Clec  Hills  in  Shr(^ 
shire  and  in  the  County  of  Durham,  illustra- 
ting the  origin  of  Basalt. —Basaltic  Columns 
ofTeesdale. 

X  II  E  rocks  which  form  the  subject  of  the 
iresent  chapter  are  particularly  distinguished 
tlieir  structure  and  position,  and  by  other 
tlogical  characters  wbicli  compel  the  mind 
to   Specuifite   respecting   their   origin.     The 
manner  in  which  ihey  cover  other  rocks  was 
1  2  described 
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described  in  the  second  chapter;  but  It  may 
afford  a  familiar  illustration  if  we  suppose  a 
set  of  volumes  a  little  inclined  and  leaning 
on  each  other,  to  represent  the  conformable 
position  of  primary  and  transition  rocks ;  and 
a  single  volume  of  another  set  introduced 
between  them,  to  represent  an  imbedded  or 
subordinate  rock :  now  if  a  large  book  be 
laid  flat  over  these,  it  will  represent  the  posi- 
tion of  a  superincumbent  basaltic  rock.  Tbis^ 
I  have  before  observed,  is  what  the  German 
and  Anglo-German  geologists  denominate  the 
"  unconformable  overlying  position.'^ 

Granite  is  generally  believed  to  form  the 
foundation  rock  on  which  the  superficial  parts 
of  the  globe  rest ;  but  it  is  not  improbable 
that  granite  also  covers  lower  rocks  in  an  un- 
conformable position.  It  is  sometimes  found 
in  this  position  upon  other  rocks,  and  is  then 
called  by  the  Germans  secondary  granite, 
which  nearly  resembles  sienite,  one  of  the 
rocks  belonging  to  the  present  class.  The 
transitions  by  which  granite  passes  into  sie- 
nite, and  the  latter  into  porphyry,  trap,  and 
basalt,  are  gradual,  fiind  in  some  rocks  almost 
imperceptible.  These  changes  are  principally 
effected  by  an  intermixture  of  the  mineral  al- 
ready 
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ady  described    under  the   name  of  horn- 
blfnde.     This  substancd  forms  the  connect- J 
ipg   link  between   granitic   rocks  and   those  ■ 
■■M^h  are  of  undoubted  volcanic  origin.     It 
^^Jpairs  in  some   granite,   and  when  the  quan- 
dty  increases  and  supplies  the  place  of  quartz, 
it  forms  the   rock  denominated  sienite,  from 
Sienne  in  Upper  /Egypt,  where  it  abound^  _ 
and  was  employed  for  purposes  of  architew'F 
and  sculpture   by  the   .T.^ypUans  and 
nans.     In  sienite  the  felspar  is  generally 
d,  and  the  hornblende  black  or  dark  greens 
iben  hornblende  predominates  and  the  cry* 
l^d6l5a^e  small,  it  is  called  green-stone,  by  the 
Germans  ^rwns^fm.     In  green-stone  thefel^' 
spar  is  paler,  and  frequently  white.     Transi^ 
lions  from  granite  to  sienite  and  ^een-stonrf  I 
may  sometimes   be   observed  in   the  saraA^I 
block,  as  I  have  noticed  at  Cbarnwood  forest^ 
in  Leicestershire.     According  to  Brongniart^  j 
granite  and  gneiss  alternate  with,  and  pass  into  J 
porphyry  and  sienite ;  in  the  department  o^ J 
La  Manche,  the  sienite  there  reposes  on  cuarsa^ 
slate  like  that  in  Leicestershire.     A  transU  J 
tion  from  sienite  to  green-stone  may  be  ob 
served  in  the  colossal  jEgyptian  sculpture  iij'l 
the  Britiah  Museum.  Stcnite  and  green-ston^ 
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ftie  met  with  in  Cornwall,  Wales,  and  Cum* 
beriand.  Markfield  Knowl,  a  hill  on  Cham* 
wood  forest,  is  composed  of  a  most  beautiful 
red  and  dark  green  sienite;  on  the  upper 
pert  of  the  hill  it  lies  in  detached  pyramidal 
Uocks. 

Rocks  in  which  hornblende  forms  a  predo- 
aunsting  ingredient,  have  been  denominated 
trap  rocks,  from  the  Swedish  word  trappa  a 
itair;  ias  these  rocks  friequently  divide  into 
v^ttlar  forms  resembling  the  steps  of  a  stair- 
ot/e.  A  variety  of  names  have  been  given 
to  trap  rocks  by  different  geologists;  but 
ibey  may  be  considered  as  essentially  the 
9ame,^ifiering  only  in  their-  mode  of  aggre* 
gatiouy  being  more  or  less  perfectly  crystal* 
lifled.  The  French,  after  the  Abb^  Haiiy, 
fimcifuUy  denominate  them  ^  roehes  amphim 
htHfues.*  The  term  trap  having  been  pre^ 
vfonsly  introduced,  may  serve  as  a  generic 
word  to  designate  the  rocks  of  this  order 
called  green-stone,  basalt,  amygdaloid,  and 
whin-stone» 

-  When  green«stone  becomels  compact  by  an 
intamate  .intermixture  of  its  constituent  parts, 
it  forms  basalt,  which  differs  little  from  com^ 
pact  lavBi  The  compooeift  ingredients  of  diese 

rocks 


ockswerestatedin  the  second  chapter.  Green- 
stone and  basult  may  not  unfrequently  be  seen 
passing  into  each  other  in  the  same  stone,  as 
lyAubuisson  and  Dolomieu  have  previously 
observed.  Trap  rocks  are  seldom  so  hard  as 
to  strike  (ire  with  steel.  They  all  contain  a 
considerable  quantity  of  iron,  and  pass  from 
a  greenish  black  or  brown  by  various  shades 
to  an  ash-gray  colour;  they  yield  an  earthy 
smell  when  breathed  upon,  and  are  fusible 
with  the  blow-pipe,  forming  a  black  glass. 
Trap  rocks  which  have  a  slaty  structure  are 
called  green-stone  slate.  If  basalt  contain 
cavities  or  vesicles  filled  with  different  mi- 
neral substances,  it  is  called  amygdaloid, 
which  has  a  striking  resemblance  to  porous 
lava.  Agates  are  frequently  found  in  the 
cavities  of  amygdaloid.  The  amygdaloid  of 
Derbyshire  is  provincialty  called  toad-stone, 
die  cavities  being  generally  filled  with  calca- 
reous spar,  which  gives  it  a  spotted  appear- 
ance, supposed  to  resemble  the  back  of  a 
toad. 

irphyry  derives  its  name  from  the  Greek 

signifving   red,  as  the  porphyry  used 

die  ancients  was  most  frequi;ntly  of  that 

The  term  porphyry  is  \ery  vague, 

being 
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'being  applied  to  all  rockf  that  have  'a  com* 
ipact  base  or  grourid  in  which  cryfttals  jof 
^aii3rkind  are  imbl^dded  and  distinctly  visiblQ* 
Thus;  according  to  the  kind  of  stone  in  wfaidi 
the  crystals  o^cur, ;  the  porphyry  takes  ^  its 
more  appropriatci  name,  as  honv^tone  poiv 
ph]fbry,  day^stonenpdrpfayiy^  pitch^^tode,  and 
obsidian^ porphyry *j/&c.  "   *^  •  »•  . 

.  The  base  of  porphyries 'is  generally  allied 
to  trtip^  and.  is  fusible.  ^The  crystals  are 
either  quartz  or  felspar^  but  more  commonly 
the  latter,  forming  four-sided  or  nx-sided 
prisms,  whose  length  is  greater  than  the 
-breadth.  Pitcl^stone  and  obsidian  neaiiy 
resemble  opaque  ^ass,  in  the  lattei*  the  vitri- 
fication is  perfect.  These  substances  occur 
in.  volcanic  rocks,  and  in  the  neighbourhood 
i>f  volcanoes,  in  situations  that  leave  no  doobt 
of  their  igneous  origin :  hence  the  probabi- 
*]ity  is  increased .  that  the  other  kinds  of  por- 
phyry which  accompany  them  have  had  a 
siinilar  formation. 


*■  III  foct  the  terms  porphyry  and  amygdaloid  rather 
present  a  mode  than  n  substance,  and  convey  no  preo^ 
idea,  unless  the  nature  of  the  base  be  specified  j  such  rocks 
would  be  more  correctly  described  as  porphyritic  or  amyg- 
dkloidiil. 

In 


In  the  A  tides  and  in  Mexico,  as  was  be-^, 
stated,  enormous  masses  of  porphvri 
It,  and  lava,  cover  the  granite  and  s 
AccordiD;^  to  Professor  Jamieson,  porpiiyn 
may  be  traced  extending  from  Norway  to  tb 
[ers  of  the  Black  Sea.  It  has  also  been  ob 
ed  in  Upper  j'Egypt  and  Siberia.  Porphv 
lara  on  the  western  side  of  England,  aiid. 
le  Cheviot  Hills  in  Northumberland,  and 
North  Wales.     Porphyry  is  also  found  at 

■nwood  forest  in  Leicestershire. 
As  porphyry  exists  in  masses  and  blocks 
nf  enormous  size,  and  is  very  durable,  it  was 
highly  prized  for  architecture  by  the  nations 
of  antiquity.     No  better  reason  can  be  of- 
fered for  the  neglect  into  which   porphyry 
aad  granite   have    fallen  in    modern   timei 
^n  their  extreme  hardness,  wliicJi  increasf 
the  expense  of  working  them ;  but  surely  it  ' 
is  an  ill-placed  parsimony  to  employ  perishr. 
able  materials  for  public  edifices  that  ought 
to  endure  for  ages,  and  perpetuate  the  me- 
mory and   the  glory  of  the  times  in  which 
they  were  constructed.    All  the  public  build- 
ings and   bridges  in  the  metropohs  of  En- 
gland, of  modern  date,  are  built  of  Portland-  ■ 
stone,  a  species  of  hmc-stone  which  is  easily 
acted 
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acted  upon  by  water.  The  sculptiure  and  the 
figures  in  alto  reUef  of  thU  atone  at  Sonienat 
House  are  rapidly  perishing.  4ind  the  magnir 
ficent  bridge  of  Black  Friars  is  fast  tw**^^*^*!^ 
to  decay  in  the  very  life  time  of  its  founder^. 
The  extreme  hardness  of  some  kiada .  ^of 
porphyry  may  be  illustrated  byi  a  dieiiBN 
stance  mentioned  by  Mr.  Williams  raapect» 
ing  l$en  Nevis,  the  highest  mountain  in  Great 
Britain,  which  he  describes  as  composed  of 
granite  and  porphyry.  ^  On  the  nortb*ea8t 
side,  at  the  bottom  of  a  frightful  precipice  of 
five  hundred  yards,  there  is  a  deep  gulf^  which 
has  a  smooth  and  solid  pavement  c^  granite, 
upon  which  has  fallen  a  fragment  of  several 
tons  weight  from  four  hundred  yards  perpen* 
dicular  h^ght ;  but  instead  of  being  dashed 
to  pieces  by  the  inconceivable  force  of  tibtt 
shock,  it  is  whole  and  entire -f*.'^ 
-  At  the  time  when  Mr.  Williams  wrote,  the 
dififevence  between  granitic  and  porphyritic 


*  I  have  attempted  to  direct  the  attenthm  of  the  poU^ 
lio  to  this  subject  in  an  ^^  Essay  cm,  the  Seleotion.of  SloMi 
Cpr.the  iiurpqse  of  durable  Architecture;,''  which  appeal)^ 
iathe  Monthly  Magazine  for  June  181 1^  and  haa  aincf 
]i)een  reprinted  in  America. 

f  WiQiams's  Mineral  Kingdom. 
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s  was  not  wpII  understood.     Col,  Imria 
lately  published  a  description  and  .sectioa.  i 
rJbloant  Bnttock,  situated  like  Ben  Nevi%  , 
range  of  mountains  called  the  Gram* 
hills,  by  which  it  appears  that  granite-, 
ipies  the  central  and  highest  parts ;  oq  ^ 
aides   are  laid   gneiss,   mica-slate,   and,.  J 
ISftte,  and  lower  down  various  rocks  of  trap, 
and   porphyry.      The  base  is  covered  with 
sand-stone,  the  strata  of  which  rise  towards,  j 
tho  mountain  at  «  very  high  angle  of  ele?* 

■riMfiome  geologists  have  described  four  for* 
^Wttions  of  porphyry  ;  but  Humboldt,  who 
has   made  more   extended    observations  on 
volcanic  and  basaltic  rocks  tliun  any  philo*^  J 
iopher  who  has  preceded  him,  admits  thatij 
dte  classification  of  porphyry   is  exceeding^* 
difficult;  tor  though  geologists  describe  four  | 
IbrmatioQS   of  porphyry,  he   obsenes    that  , 
"liiey  frequently  present  transitions  into  each 
Other,  but  uever  any  into  the  rocks  on  which 
they   repose."      Porphyritic   rocks  occur  in 
g^iiss  and  mica-slate ; — such  has  been  called 
primitive  porphyry,   from  occurring  in  this  ' 
filiation.      The  porphyry  which   alternates.^ 
vith  sienite,  Humboldt  says,  probably  he* 
Ipngs 
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longs  to  transition  rocks.  It  contains  beds 
of  pitch-stone  and  obsidian,  and  even  of  gra- 
nular lime-stone,  as  at  Meissen  in  Saxony.  It 
b  extremely  rich  in  metals;  and  is  found  at 
Guanaxato  Regla,  and  other  situations  in 
Mexico,  and  in  Norway,  Sweden,  and  Hun-* 
gary.  ^^  It  is  this  second  formation,'"  he  sanrs^ 
^^  which  appears  to  hav  e  been  the  centra  of 
the  oldest  volcanic  revolutions..  The  third  ibr^* 
mation  belongs  to  the  old  sand-stone  whil^ 
forms  the  basis  of  the  Alpine  lime-stone.  It 
contains  amygdaloid  iifclosing  agates,  and 
sometimes  covers  strata  of  coal."'  The  ibuil^ 
formation  of  porphyry  is  basaltic,  and  deMi^ 
tute  of  quarts.  In  America  it  is  often  *in^ 
termixed  with  au^t  and  olivine : — ^it  acconH 
panics  green-stone,  basalt^  and  clink-stone:*-** 
it  occurs  at  Chimborazo  in  the  province  dtf 
los  Pastes^  near  Berne  in  Switzerland,  and  at 
the  Puy  de  Dome  in  Auvergne.  '     ^ 

Porphyry,  sienite,  and  trap  have  frequetftiy 
a  columnar  structure,  and  form  ranges  of 
lofty  natural  columns  which  strike  the  ob^ 
server  with  astonishment  by  their  magnitude 
and  regularity,  though  in  reality  they  are  not 
more  extraordinary  than  the  regular  crystiils 
which  we  meet  with  in  every  part  of  thp  mi-' 

neral 
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neral  kingdom.     The  globular  structure  is 
not  uncommon  in  these   rocks;  and  ereu 
mountains  of  trap  or  porphyry,  in  which  no 
particular  structure  can  be  observed  %hen 
whole,  often  present  the  globular  structura 
when  the  parts  are  decomposing,  and  round 
balls  fall  out  which  were  harder  than  the 
other  parts  of  the  rock.     It  has  been  before 
obseired  that  granite  has  sometimes  a  similar 
structure,  and  is  composed  of  balls  consisting 
of  concentric  spheres  of  stone  encircling  each 
other.   De  Luc  says  that  in  the  granite  moun« 
tains  of  Silesia  ho  saw  piles  of  these  globes 
of  granite,  which  at  a  distance  resembled 
gourds  or  melons ;  but  I  conceive  he  is  mis^ 
taken  in  supposing  they  had  once  a  rhom«- 
boklal  form*    An  experiment  of  Mr.  G.  Watt 
throws  much  light  on  the  formation  of  the 
^bular  structure  of  basaltic  and  other  rocks; 
He  fused  seven  hundred  weight  of  trap  and 
basalt  in  a  furnace,  and  kept  it  in  that  situ* 
ation  several  ^ays  after  the  fire  was  reduced: 
It  melted  into  a  dark  coloured  glass  with  lem 
heat  than  was  necessary  to  melt  the  same 
quantity  of  pig  iron.     In  this  glass  small  glo- 
bules were  formed^  which  disappeared  again ; 
and  as  the  cooling  proceeded  the  mass  changed 

from 
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from  a  vitreous  to  a  stony  substance^  other 
globes  were  again  formed  ^vithin  the  stcmjr 
mass,  which  continued  to  enlarge  until  ihmt 
ttde#touched  and  pressed  against  each  othtr, 
by  which  pressure  the  globes  formed  poljl^ 
gonal  prisms.  If  part  of  the  mass  were  cooled 
before  the  globular  structure  was  destroyed^ 
these  globes  were  harder  than  the  surround* 
kig  stone,  and  broke  in  concentric  layers.  In 
this  manner,  in  all  probability,  the  ballft^ 
basalt  •  and  porphyry  which  fall  out  of  de- 
composing rocks  were  formed ;  they  derived 
their  superior  hardness  from  the  crystalline  sr* 
rangement  of  the  particles  when  in  a  melted 
state.  When  these  globes  were  enlarged  by 
a  continuation  of  the  same  process,  they 
pressed  on  each  other,  and  formed  prisms  in 
a  similar  manner  to  the  globules  in  the  ex* 
periments  of  Mr.  Watt.  The  upper  prisms^ 
pressing  by  their  weight  upon  the  lower, 
formed  concavities  or  sockets,  into  wluch 
they  would  sink,  and  remain  jointed  togetlier 
or  articulated.  Such  is  frequently  the  straci- 
ture  of  basaltic  columns.  It  had  been  pre* 
iriously  proved  by  Sir  James  Hall,  and  has 
since  been  amply  confirmed,  that  basalt  and 
lava,  when  melted  and  cooled  rapidly,  forjii 

a  sub- 
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bstance  resembling  glass ;  but  if  the  same 
gloss  be  nitlted  again  uiid  cooled  slowlv,  it 
asMimes  its  original  stony  texture ;  and  if  the 
diminution  of  temperature  be  very  gradual, 
this  stony  substance  will  have  a  prismatic  or 
columnar  form,  like  that  of  basalt  rocks. 

Porphyry  and  sienite  commonly  cover  pri- 
mary and  transition  mountains ;  trap  or  bo- 
aalt,  secondary  hills.  An  extensive  forma- 
tion of  porphyritic  and  basaltic  rocks  exists 
nearly  in  the  same  parallel  of  longitude,  from 
ibe  Canary  and  Madeira  Islands  to  Ireland," 
Scotland,  the  Hebrides,  and  Iceland.  The  ' 
northern  and  southern  extremities  are  at 
■MpiRnt  the  seat  of  active  volcanoes,  which 
^^■I'^probably  the  unextinguished  remains  of 
extensive  subterranean  and  submarine  ^res. 
It  ha»  been  observed  that  large  whin  dykes, 
or  tliose  rents  of  the  earth's  surface  whicU 
are  filled  with  basalt,  have  generally  a  direc- 
tion iDcluung  to  the  north  and  south.  The 
noft  extensive  mountain  chains  Imve  thA 
same  direction.  If  mountains  owe  their  ele- 
vation to  the  expansive  torce  of  subterranean 
beatt  it  should  u|>pear  that  the  crust  of  tlie 
globe  is  more  disponed  to  spht  longitudinally 
I  the  opposite  direction.     The  Andes 
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in  South  America,  with  the  continuation  of 
the  same  chain  of  mountains  through  the 
Isthmus  of  Darien,  and  along  the  western 
side  of  North  America,  to  the  Arctic  circle, 
is  the  longest  mountain  range  on  the  globe  ; 
it  is  also  the  seat  of  volcanic  fires,  estendiiig 
in  the  same  direction  more  than  eight  thou* 
sand  miles.  D'Aubuisson  states  that  l^e  an^* 
cient  volcanoes  in  Auvergne  run  in  a  line 
from  north  to  south.  The  basaltic  ranges  of 
that  district,  which  can  be  traced  to  tlmr 
source,  seem  to  have  taken  this  direction. 
Two  leagues  to  the  west  of  Clermont,  aear 
sixty  volcanic  mountains  are  seen  ranged  in 
the  same  line :  hence  he  is  led  to  infer  that 
there  was  a  bed  of  combustible  matter  in  that 
direction,  which  was  the  source  of  these  vt)!* 
canic  fires.  The  account  which  D'Aubuisson 
gives  of  the  basaltic  rocks  of  Auvergne  is  ex- 
tremely interesting.  He  had  previously  writ- 
ten to  disprove  the  igneous  origin  of  basalt ; 
but  at  that  time  he  had  never  seen  a  volcana 
or  a  current  of  lava.  At  the  invitation  of 
the  National  Institute  of  France  he  under* 
took  the  examination  of  this  province,  and 
returned  fully  convinced  that  the  ranges  of 
basalt  which  cover  a  considerable  part  of  it 

were 
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Were  formed  by  volcanoes,  the  remains  of 
which  are  still  visible. — Dolomieu,  who  had 
spent  many  years  in  the  examination  of  vol^- 
canic  countries,  also  ascribes  a  volcanic  ori^ 
gin  to  the  basalt  of  Auvergne.  (Brochant, 
Min^ralogie,  torn.  ii.  619-)  An  English  tra- 
Teller  just  returned  from  Auvergne,  says, 
^*  On  examining  the  basalt  of  this  country, 
and  comparing  it  with  the  blocks  of  granite 
and  schist  which  every  where  accompany,  it, 
and  have  undergone  the  action  of  fire  in 
every  degree  up  to  a  substance  no  way  di- 
stinguishable from  basalt  except  inform,  I 
think  it  impossible  to  doubt  the  agency  of 
fire  in  its  production.  These  antediluvian 
volcanic  remains  extend  over  a  space  of  se>- 
veral  thousand  square  miles.  The  basalt  was 
probably  a  stratum  of  granite,  fused  by  a 
subterranean  fire,  without  being  ejected  from 
its  native  bed,  and  acquired  its  prismatic 
form  from  the  circumstances  attending  the 
cooling.  The  conical  hills  which  form  the 
chief  ornament  of  this  interesting  and  ro- 
mahtic  district  appear  to  be  rocks  of  basalt, 
which  have  crumbled  and  shivered  down 
until  they  have  assumed  their  present  shape. 
I  ascended  one  of  these  cones  called  La  Tour 

K  d'Auvergne, 
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d^Auvergne  from  an  old  casde  on  its  summits 
which  was  evidently  of  diis  character.  Among 
the  scoriae,  about  three  leagues  from  Cler- 
mont, are  the  charred  remains  of  many  trees. 
No  appearance  of  a  crater  was  to  be  observed 
any  where/'  l^otes  on  a  Journey  through 
France  J  hy  Maurice  Birkbeck^ . 

Though  there  may  be  no  elevated  craters 
similar  to  those  of  recent  volcanoes,  D'Au- 
buisson  expressly  informs  us  that  the  cur- 
rents of  basaltic  lava  may  be  traced  for  many 
miles  from  the  bottom  of  several  of  the  co* 
iiical  hills  in  that  district  over  the  adjacent 
plains,  and  that  these  currents  have  some^ 
times  reached  the  adjacent  valleys,  and  fol- 
lowed their  course  for  three  or  four  leagues. 
He  also  savs,  on  the  summit  of  some  of  these 


*  This  small  pamphlet^  under  the  unassuming  title  of 
Notes,  contains  much  valuable  information,  particulariy 
on  the  agriculture  "Of  France,  and  also  more  materiab  for 
reflexion,  than  are  to  be  met  with  in  most  of  the  modam 
quarto  volumes  of  travels.  On  comparing  it  with  them 
the  observation  of  an  eminent  philosopher  presents  itself 
to  the  mind :  (il  n'y  a  que  deux  sortes  des  homnies,  ceux 
qui  pensent  et  ceux  qui  ne  pensent  point,)  accompanied 
with  the  regret,  that  so  many  of  our  modern  travellers^ 
though  dexterous  bookmakers,  belong  to  the  latter  class. 

conical 
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Mnical  hills  there  are  hollows  resembling 
.ccaters.  Ferrara,  Professor  of  Natural  Phi- 
losophy at  Catania,  asserts  that  at  the  Motta 
io  Sicily,  where  there  is  a  range  of  basaltic 
columns  two  feet  in  diameter,  covered  by  red 
grosses  and  puzzolana,  an  aperture  was  lately 
{^ade  by  the  peasants  under  the  columnar  ba- 
salt; and  when  the  hand  was  introduced,  a 
sensible  heat  was  perceived,  and  the  hand 
smelt  of  sulphur.  Remarkable  basaltic  co- 
li^DDs  occur  in  other  parts  of  Sicily,  co- 
vered with  massive  lava  of  the  same  sub^ 
st^qce,  which  is  often  continuous  with  the 
columns. — Few  countries  in  the  world  pre- 
5ei>t  more  magnificent  basaltic  rocks  than  the 
nortli  part  of  Ireland,  and  some  of  the  He- 
brides :  probably  ihese  are  connected  under 
the  ocean,  and  have  had  the  same  origin. 

The  Giant's  Causeway  constitutes  a  small 
part  of  a  vast  basaltic  range  along  the  north 
coast  of  Ireland,  in  the  county  of  Antrim. 
The  promontory  of  Fairhead  and  Borgue,  in 
the  same  range,  are  situated  eight  miles  from 
each  other:  these  capes  consist  of  various 
ranges  of  pilhirs  and  horizontal  strata,  which 
rise  from  the  sea  to  the. height  of  five  hun- 
dred feet,  and  from  their  abruptness  are  very 

K  2  conspicuous, 
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coftspictious,  and  form  a  pile  of  natural  ar- 
chitecture, in  which  the  regularity  and  sym- 
metry of  art  are  united  with  the  wild  gran- 
deur and  magnificence  of  nature.  Many  of 
the  columns  in  the  ranges  at  Fairhead  are 
one  hundred  and  fifty  feet  in  height,  and  five 
feet  in  breadth.  At  the  base  along  the  shore 
is  a  wild  waste  of  rocky  fragments,  which 
have  fallen  from  the  clifiFs.  Immense  masses 
that  have  withstood  the  force  of  the  shock 
lie  in  groups,  resembling  the  ruins  of  enor- 
mous castles.  At  the  Giant^s  Causeway  the 
columns  rarely  exceed  one  foot  in  breadth^ 
and  thirty  feet  in  height :  they  are  sharply 
defined,  and  the  columns  are  divided  into 
smaller  blocks,  or  prisms  of  one  foot  or  more 
in  length,  which  fit  neatly  into  each  other, 
like  a  ball  and  socket  The  basalt  is  close 
grained,  but  the  upper  joint  is  cellular.  The 
columns  are  most  frequently  formed  with  five 
or  six  sides ;  but  some  have  seven  or  eight, 
and  others  not  more  than  three.  Beds  of 
basalt  that  are  not  columnar,  in  some  situa- 
tions lie  over  and  also  under  the  column^. 
The  basalt  in  these  beds  is  cellular,  and  con- 
tains zeolites  in  its  cavities.  The  columns  at 
Fairhead  are  not  articulated  like  those  at  the 

Giant's 
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Giant's  Causeway ;  but  the  blocks,  which  are 
of  great  length  in  each  column,  lie  fiat  on 
each  other.  Basalt  appears  to  extend  on  the 
coast  and  inland  about  forty  miles  in  lengthy 
and  twenty  in  breadth. 

The  basaltic  columns  of  the  Island  of  Stafl^ 
are  too  well  known  to  require  a  description ; 
but,  according  to  Dr.  MacCuUock,  the  co* 
lumns  which  form  the  lofty  promontory  called 
the  Scuir  of  Egg^  another  of  the  Hebrides, 
exceed  in  grandeur  and  picturesque  effect 
those  of  Staffa :  they  are  formed  of  black 
pitch-stone,  containing  crystals  of  glossy  fel* 
spar.  "  The  promontory  rests  on  a  bed  of 
compact  gray  hme*stone,  approaching  to  a 
stone  marie.  This  bed,  which  is  three  or 
four  feet  thick,  rests  on  a  still  lower  bed  of 
hard  reddish  stone.  Masses  of  bituminized 
wood,  penetrated  with  carbonate  of  lime,  are 
found  in  the  marie  stratum  not  at  all  flat- 
tened. Portions  of  trunks  of  trees,  retain- 
ing their  original  shape,  but  petrified  (silici- 
fied),are  found  in  the  same  stratum;  the  rifts 
are  filled  with  chalcedony,  approaching  in 
aspect  to  semi-opal.  The  columns  on  this 
island  are  both  perpendicular  and  inclined, 
and  some  of  them  are  bent  or  curved/' 

In 
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In  various  other  situations,  as  in  Auvergne 
and  the  ricinily  of  Etna,  the  columns  are  also 
singularly  curved,  and  are  supposed  by  many 
geologists  to  have  taken  this  form  before  cool- 
ing, or  when  they  have  been  subsequently 
softened  by  subterranean  fire. 

Columns  of  porphyritic  green-stone  lie  in 
heaps,  and  are  thickly  scattered  over  the 
northern  side  of  Cader  Idris,  a  mountain  in 
Merionethshire :  they  are  principally  penta- 
gonal and  hexagonal,  and  vary  in  length  from 
one  foot  to  twelve.  On  this  mountain  is  a 
cavity  exactly  resembling  a  volcanic  crater. 

We  are  not  to  be  surprised  that  appear- 
ances like  those  presented  by  basaltic  rocks 
should  excite  the  attention  and  divide  the 
opinions  of  geologists  respecting  their  cause. 
The  experiments  of  Sir  James  Hall  and  Mr. 
G.  Watt,  already  alluded  to,  with  the  concur- 
rent evidence  of  almost  every  one  who  has  vi- 
sited volcanic  countries,  strongly  favour  the 
opinion  that  basaltic  rocks  have  been  formed 
by  subterranean  or  submarine  fires.  Ferrara 
has  recently  published  a  physical  and  minera- 
logical  description  of  the  burning  fields  of  Si- 
tily  and  the  adjacent  islands.  His  constant 
re3idence  in  a  volcanic  and  basaltic  country 

afforded 
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a£Ebrded  better  opportunities  of  observation. 
than  travellers  possess,  and  he  is  decidedly 
of  opinion  that  those  who  deny  the  volcanic 
or  igneous  origin  of  the  basaltic  columns  in 
Sicily  can  never  have  seen  them. 

I  am  inclined  to  think  that  the  part  of 
Dr.  Hutton's  theory  which  relates  to  the  ig- 
neous origin  of  basaltic  rocks  is  as  well  esta- 
blished as  the  nature  of  the  subject  will  ad- 
mit of;  other  parts  of  the  system  are  much 
less  satis^tory.  Mr.  Werner,  and  most  if 
not  all  of  his  disciples  who  deny  the  igneous 
origin  of  basalt,  have  never  visited  active* 
volcanoes^  and  seem  disposed  to  close  their 
eyes  upon  their  existence.  Dr.  Thomson, 
one  of  the  most  intelligent  followers  of  Wer- 
ner, in  the  excellent  compendium  of  mine* 
ralogy  which  occupies  four  hundred  pages  in 
the  fourth  volume  of  his  Chemistry,  has  dis-« 
missed  volcanic  products  in  eighteen  lines. 
It  is  always  desirable,  but  perhaps  not  always 
easy,  to  keep  the  description  of  facts  distinct 
from  the  language  of  theory.  With  this  Umi- 
tation  theories  have  their  use,  not  only  as 
they  assist  the  memory  in  connecting  insu« 
lated  facts,  but  also  as  they  induce  us  to  ex- 
amine 
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amine  nature,  in  order  to  prove  the  truth -or 
fallacy  of  the  system  which  we  may  be  in^* 
clined  to  form  or  adopt.  Theories  are  also 
better  understood  as  they  are  brought  to 
bear  upon  facts ;  on  which  account  tlie  intro- 
duction of  the  Neptunian  and  Plutonian  the- 
ories has  been  omitted  until  the  subject  ap« 
peared  to  require  it. 

Whatever  opinion  we  may  form  of  the  geo-i 
logical  speculations  of  Werner,  who  has  sup^ 
ported  the  former  theory,  it  will  not  detract 
from  his  merit  as  an  eminent  mineralogist* 
By  persevering  industry,  he  has  collected 
more  facts  in  this  department  of  science  tban 
any  of  his  predecessors;  it  is  much  to  be  re-* 
gretted  that  he  has  not  extended  his  obser*^ 
vations  to  districts  which  are  the  seat  of  ac- 
tive volcanoes,  Plaving  formed  his  system 
in  countries  remote  from  their  immediate 
operation,  he  seems  desirous  of  excluding 
them  from  nature,  and  is  obliged  to  invent 
the  most  fanciful  contrivances  to  supersede 
the  agency  of  subterranean  fire. 

According  to  the  theory  of  Werner,  all  the 
superficial  parts  of  the  globe  were  once  in  a 
jitate  of  aqueous  solution,  from  whiqh  the  ma^ 

teriaU 
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terials  were  at  first  separated  by  chemical 
deposition  in  a  crystalline  state,  and  formed 
a  thick  mass  of  granite  round  the  globe. 
Upon  gcanite  the  primary  rocks  were  succes- 
sively deposited,  forming  layers  over  each 
other  like  the  coats  of  an  onion.  Over  these 
again  were  laid  the  transition  rocks,  and  next 
the  earthy  stratified  rocks.  Each  of  these 
layers  is  supposed  to  encircle  the  globe,  or  to 
be  an  universal  formation.  While  this  pro- 
cess was  going  on,  the  waters  were  gradually 
retiring  and  became  turbid :  hence  the  nia« 
terials  which  they  deposited  to  form  the 
upper  strata  were  more  earthy  than  those  of 
the  primary  rocks ;  they  were  also  intermixt 
with  fcagments  of  the  rocks  previously-  fonn* 
ed.  According  to  this  system,  mountains 
and  valleys  were  caused  by  the  original  in- 
equality of  the  nucleus  of  the  earth.  So  far 
the  parts  of  Werner's  theory  are  consistent, 
and  we  have  a  world  ready  made  in  which 
every  thing  might  be  supposed  to  remain 
cjuiet ;  but — non  sic  Fata  sinunt ; — Neptune, 
ashamed  of  his  late  retreat,  and  indignant  at 
bis  confinement  in  such  narrow  limits,  calls 
the   infernal  deities   to   his  assistance,  and 

rising 
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rising  in  his  might  once  more  takes  posfiefrr 
Mon  of  the  globe.  He  covers  it  with  the  de- 
purgations  of  his  turbid  waves ;  but  again  he 
is  Compelled  slowly  and  reluctantly^to  retire 
from  the  field,  leaving  behmd  him  the  be*; 
saltic  rocks,  the  monuments  of  his  triatepb 
and  his  shame.  Such  is  in  substance  the 
theory  of  Werner  respecting  the  origin  of  all 
the  superincumbent  rocks  of  basalt  and  trap. 
They  are  also,  according  to  this  theory,  uni- 
versal formations.  It  is  scarcely  possible  foF 
the  human  mind  to  invent  a  system  more 
repugnant  to  existing  facts.  Were  basaltic 
rocks  deposited  from  a  solution  which  cover- 
ed the  globe  after  the  formation  of  secondary 
strata,  as  Werner  supposes,  every  part  of  the- 
dry  land  and  every  valley  must  have  been  in- 
crusted  or  filled  with  basalt^  it  would  be  the 
prevailing  rock  of  every  district.  On  the  con- 
trary, basalt  exists  only  in  detached  masses 
in  particular  situations,  nor  do  fragments  of 
basalt  occur  in  any  quantity  which  can  war- 
rant the  belief  that  it  was  ever  formed  uni- 
versally over  the  globe.  Nothing  but  the 
obscure  language  in  which  this  doctrine  has 
been  advanced  has  prevented  its  absurdity 

from 
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from  being  instantly  perceived  and  acknow- 
tedged*.  Against  the  other  part  of  Werner's 
theory,  the  universal  formation  of  the  pri- 
mary, transition,  and  secondary  conformable 
rocks,  I  think  the  only  objection  which  can 
be  offered  is,  that  it  appears  to  be  in  opposi- 
tion to  the  universal  evidence  of  facts;  for 
there  is  not,  perhaps,  a  country  in  the  world, 
except  that  in  which  Werner  formed  his  ar- 
rangement, where  his  entire  series  of  universal 
rock-formations  succeed  each  other.  Many  of 
the  orders  in  each  class  are  missing,  and  others 
supply  their  place  in  every  district  that  has 
yet  been  examined.  Now  by  what  figure  of 
speech  that  formation  can  be  denominated 
universal  which  oc(rurs  only  in  one  place,  I 
leave  the  supporters  of  Werner  to  discover. 
It  is  not  a  little  remarkable  that  the  two  in- 
stances which  Professor  Jamieson  has  given 
of  the  order  of  rock-formations,  to  prove  the 
universality  of  their  extent,  are  in  opposition 
to  his  own  system.  The  one  is  from  the  Hartz 
in  Hanover,  the  other  from  the  mine  district 


♦  By  what  cause  the  retiring  and  rising  of  the  ocean 
were  effected,  this  theory  does  not  explain ;  nor  would  ex- 
planation be  necessary^  could  the  aqueous  origin  of  basalt 
be  established, 

in 
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of  water  beneath  the  melted  mass :  this  water 
v^ould  be  converted  into  elastic  vapour,  or 
steam,  which  would  endeavour  to  expand; 
but  where  the  superincumbent  pressure  of 
tlie  ocean,  or  the  tenacity  of  the  lava,  juts 
vented  its  escape,  it  would  be  comprefisedj 
and  form  cavities,  or  air  bubbles,  at  the  bot- 
tom of  the  melted  mass.  In  other  instances, 
where  the  fluidity  of  the  lava  permitted  the 
steam  from  below  to  escape  through  it,  the 
mass  would  be  compact,  and  form  solid  ba- 
salt, or  green-stone.  It  might  sometimes 
happen  that  water  would  be  inclosed  in  the 
cavities  of  the  mass,  which  is  found  to  \^ 
'  the  case  in  some  basalt  rocks. 

Thus,  according  to  the  different  circqo^ 
stances  of  pressure  from  the  depth  of  the 
ocean,  and  the  tenacity  of  the  melted  mass, 
porous  or  vesicular  lava,  or  compact  basalt, 
might  be  formed  from  the  same  eruption ;  or 
the  mass  might  be  porous  below  and  com- 
pact above.  When  a  volcano  first  breaks 
out  on  land,  the  surface  of  the  earth  opens 
for  a  considerable  space,  which  at  length  is 
choked  up  with  lavu  and  stones,  and  the 
eruption  is  confined  to  one  place,  where  it 
forms  a  cone  or  mountain.     Through  such 

extended 
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extended  fissures,  the  melted  matter  was 
poiired  out  of  submarine  volcanoesy  and 
spread  in  every  direction  over  the  bottom  of 
the  sea,  to  a  limited  extent :  successive  orup- 
tions  of  a  similar  kind  formed  different  beds 
over  each  other.  If  a  considerable  interval 
of  time  elapsed  between  these  operations, 
loose  materials  with  water-worn  fragments 
might  be  collected  upon  the  lower  lava,  and 
constitute  a  bed  of  tufa,  which  would  sepa* 
rate  it  from  the  upper. 

If  ages  passed  away  between  the  periods 
of  two  submarine  eruptions,  polypi  and  shells- 
fish  might  deposit  their  remains,  and  form  a 
bed  of  lime-stone  upon  the  first  lava,  which 
would  be  buried  under  that  of  the  second 
eruption.  In  this  manner  I  conceive  the 
beds  of  amygdaloid  and  lime-stone  were  for* 
med,  which  constitute  the  mountains  in  the 
mining  districts  in  Derbyshire:  that  they 
were  formed  under  the  sea,  cannot  be  dis- 
puted*. The  agency  of  submarine  volcanoes 
IS  now  admitted :    and  if  the  ocean  once  co- 


•  The  rapid  formation  of  immense  submarine  rock^^ 

by  polypi^  in  the  South  Sea^  has  been  recently  described 

fcy  Captain  Flinders,  and  is  tnily  astonishing.     Vtryage  to 

Terra  Australis. 

^  erod 
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vered  the  globe,  as  Werner  supposes,  •  all  th^ 
volcanoes  then  existing  were  submarine. 

For  the  formation  of  basaltic  columns,  or 
regular  prismatic  forms,  it  appears  requisite 
that  the  mass  should  cool  slowly :  and  it  18 
probable  that  most  regular  basaltic  columns 
have  been  enveloped  with  an  incrustration  of 
uncrystallized  basalt,  which  defended  the  in* 
ernal  mass  from  agitation,  and  permitted 
the  crystalline  arrangement  of  the  particles 
to  take  place.  Numerous  instances  might 
be  cited  of  basaltic  hills,  in  \yhich  the  in* 
terior  parts  are  columnar,  and  the  outer  part 
a  confused  indeterminate  mass.  In  some  in* 
stances  the  lava  from  submarine  volcanoes 
has  cooled  suddenly,  and  formed  beds  of 
compact  or  porous  basalt. 

The  following  circumstances  related  by 
Colonel  Imrie  leave  no  doubt  respecting  the 
igneous  origin  of  some  columnar  basaltic 
rocks.  Felicuda,  one  of  the  most  western  of 
the  Lipari  or  Eolean  Islands,  is  from  eight 
to  nine  miles  in  circumference  and  entirely 
formed  of  lava  and  other  volcanic  produc- 
tions. From  a  conical  crater  in  the  centre 
of  the  island.  Colonel  Imrie  says  he  could 
trace  a  stream  of  lava  till  it  fell  over  a  per* 

pendicular 
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pendicular  rock,  not  less  than  sixty  f<?et  high, 
into'  the  sea.  "  The  lava  here,  even  after  it 
had  passed  over  the  verge  of  this  precipitous 
declivity,  still  retained  for  a  short  distance  a 
considerable  degree  of  smoothness,  but  which 
was  soon  broken  by  narrow  longitudinal  fur- 
rows, appearing  upon  its  surface.  These  lines 
at  first  only  slightly  marked  their  directions, 
hut  as  they  descended  they  became  deeper 
and  deeper  until  their  interstices  began  to  as- 
sume an  approach  towards  form,  and  near  to 
the  water  these  forms  were  perfectly  colum- 
nar/' Upon  some  other  parts  of  the  shores 
of  this  island  he  observed  in  the  currents  of 
lava,  these  forms  arrested  in  various  stages 
towards  a  complete  columnar  shape*. 

If  basaltic  rocks  were  once  in  a  state  of 
fusion,  a  passage  must  exist  somewhere  in 
their  vicinity  through  which  the  basalt  was 
ejected ;  though  this  passage  may  be  con- 
cealed by  the  surrounding  rock.     A  remark- 


*  The  same  intelligent  traveller  has  aNo  related  an  in- 
stance of  the  columnar  strueturo^  in  a  mass  of  indurated 
clay  or  mud,  formed  at  the  bottom  of  a  lake,  now  be- 
come dry,  in  the  vicinity  of  anticnt  Carthage.  This  is 
perhaps  analogous  to  what  takes  place  in  the  drying  of 
starch, — Transactions  of  the  JVerncrian  Society. 

L  able 
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able  instance  of  this  kind  may  be  observed 
at  the  Titterstone  Clee  Hill  in  Shropshire. 
I  believe  it  has  not  been  prfeviously  noticed. 
I  visited  this  hill  in  the  autumn  of  1811,  t6 
bbserve  what  geological  relation  it  might  hav6 
xvith  the  east  side  of  Radnorshire,  being 
the  nearest  coal  district  to  that  part  of  the 
county. 

This  is  the  highest  mountain  in  Shrop- 
shire ;  its  summit  is  covered  with  basalt,  pro- 
vincially  called  Jew-stone:  detached  blocks 
of  basalt  are  scattered  over  its  sides.  A  mass 
of  basalt  from  fifty  to  sixty  yards  in  thick- 
ness, consisting  of  blocks,  also  lies  concealed 
under  the  surface.  Round  the  hill  are'  several 
small  coal  fields,  in  which  the  strata  are  ar^ 
ranged  in  basin-shaped  concavities,  dipping 
towards  a  centre,  and  appearing  at  the  sur- 
face on  many  parts  of  the  hill  where  it  is  not 
covered  by  basalt.  The  existence  of  this 
basalt  in  such  an  elevated  situation,  separar 
ted  from  any  stone  of  a  similar  kind,  excited 
my  surprise;  but  I  found  on  further  exami- 
nation, that  a  vast  fissure  or  dyke,  more  than 
one  hundred  yards  wide,  filled  with  the  same 
basalt,  intersected  the  hill,  cutting  through 
the  coal  fields.     It  rises  from  an  miknown 

depth. 
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depth,  and  appears  to  have  forced  a  part  of 
the  coal  to  the  surface.  Where  the  basalt 
comes  in  contact  with  coal,  it  has  injured  its 
quality,  and  reduced  it  to  a  sooty  state.  Some 
idea  of  the  position  of  the  coal  fields  and  the 
basalt  may  be  formed  by  referring  to  plate  III. 
fig.  S,  where  D  represents  the  dyke  of  ba- 
salt intersecting  the  coal  strata  ccc,  and  6ft6 
blocks  of  basalt*.  There  can  scarcely  be  a 
doubt  that  this  basalt  was  once  in  a  state  of 
fusion,  and  forced  a  passage  for  its  eruption 
where  the  present  basaltic  dyke  rises  through 
the  coal  strata. 

Mr.  Bailey,  in  his  Survey  of  the  County 
of  Durh&m,  gives  a  description  of  a  dyke  of 
whin-stone  or  basalt,  which  intersects  the 
eoal  fields  in  a  part  of  that  county,  extend- 
ing from  Cockfield  fell,  by  Bolam,  to  Ay  ton 
in  Cleveland :  it  casts  down  the  strata  on  one 
side  twelve  yards :  it  is  about  seventeen  yards 
in  breadth.  Where  it  comes  in  contact  with 
the  seams  of  coal,  the  substance  of  the  coal 

*  The  fig.  2,  plate  III.  may  serve  to  convey  a  general 
idea  of  tlie  position  of  the  basalt  dyke.  A  more  correct  re- 
presentation was  taken  at  the  place;  it  was  given  to  a  gen« 
tleman,  since  deceased,  or  would  have  been  inserted  in 
this  volume. 

L  2  for 
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for  several  feet  is  converted  into  soot.  At  a 
greater  distance  from  tlie  basalt  the  coal  is 
reduced  to  a  coak  or  cinder,  which  burns 
without  smoke,  and  with  a  clear  and  durable 
heat.  At  the  distance  of  fifty  feet  from  the 
dyke  the  coal  is  found  in  its  natural  unaltered 
state.  It  is  particularly  remarkable  that  t|ie 
roof  immediately  over  the  coal  is  lined  with 
bright  crystals  of  sulphur,  which  were  pro- 
bably sublimed  during  the  eruption  of  the 
melted  basalt*.  In  the  facts  described  by 
Mr.  Bailey  we  recognise  every  circumstance 
which  might  be  expected  from  the  agency  of 
subterranean  fire»  but  which  it  would  be  ex- 
tremely difficult  to  reconcile  with  the  aque- 
ous formation  of  basalt. 

Having  had  an  opportunity  of  examining 
this  basaltic  dvke,  since  the  first  edition  of 
this  work  was  published,  it  will  be  more  par- 
ticularly described  in  the  subsequent  chap- 
ters; it.  passes  through  the  Cleveland  bills 
eastward,  and  through  the  county  of  Durt 
ham  on  the  west,  where  it  expands,  and  is 

*  In  almost  every  kind  of  pit  coal  there  is  a  quantity  of 
ppites  or  sulphur  combined  with  iron,  by  miners  called 
brass  lumps,  from  their  resemblance  to  brass ;  this  sulbhur 
is  separated  and  sublimed,  or  driven  off  by  heat. 

supposed 
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mipposed  to  be  the  same  which  forms  the 
basaltic  rocks  and  cohimns  on  the  banks  of 
the  river  Tees  in  that  country.  The  stone  is 
of  a  dark  or  blackish  brown  colour,  which  is. 
soon  covered  with  an  ocherous  incrustation 
by  exposure  to  the  atmosphere ;  it  is  fine 
grained  and  nearly  compact,  some  crystals 
of  hornblende  are  dispersed  in  it.  It  is  ex- 
tremely hard,  and  is  quarried  in  various  parts 
of  its  course  for  the  purpose  of  mending  the 
roads.  It  rises  to  the  surface  alonji  an  extent 
of  sixty  or  seventy  miles. 

The  basaltic  columns  in  the  upper  part  of 
Teesdale  are  of  considerable  magnitude ;  at 
Holwick  they  are  from  thirty  to  forty  feet  in 
length.  Caldron  Snout,  a  water-fall  on  the 
river  above  that  called  Tees-force,  is  sur- 
rounded by  basaltic  columns.  The  basalt 
(green-stone)  at  Tees-force  is  composed  of 
white  felspar  and  hornblende,  it  rests  on  black 
lime-stone  containing  organic  remains. 

Amonu  basaltic  rocks  may  be  enumerated 
gray-stone,  which  diflbrs  little  from  green- 
stone except  in  its  colour;  it  consists  of  white 
felspar  and  black  hornblende ;  it  passes  into 
basalt. 

Clink-stone  and  clink-stone  porphyry,  so 

called 
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called  on  account  of  the  metallic  sound  which 
they  yield  when  struck,  are  in  their  constitu- 
ent parts  nearly  allied  to  hasalt,  and  like  it 
contain  a  quantity  of  soda  in  their  composi- 
tion. They  appear  to  be  an  intermixture  of 
compact  felspar  or  clay-stone  with  basalt. 
Clay-stone  may  be  considered  as  compact  feU 
spar,  but  in  a  more  earthy  state. 

Basaltic  mountains  are  frequently  isolated 
and  conical,  but  have  sometimes  flat  tabular 
summits. 

"  In  the  Canary  Islands,  in  the  mountains 
of  Auvergne,  in  Bohemia,  in  Mexico,  and  on 
tlie  banks  of  the  Ganges,  the  formation  of 
trap  and  basalt  is  indicated  by  a  symmetrical 
arrangement  of  the  mountains  by  truncated 
cones,  sometimes  isolated,  sometimes  grouped 
and  by  elevated  plains,  both  extremities  of 
which  are  crowned  by  a  conical  ring.  These 
rounded  tops,  in  the  form  of  domes,  or  bells, 
of  porphyry  or  basalt,  are  supposed  by  some 
philosophers  to  have  been  heated  in  their  bri* 
ginal  .situations  below  the  surface,  and  forced 
up  in  a  softened  state,  v;ithout  having  eveF 
flowed  as  real  stony  lavas*.'' 


*  HutntK>ldt's  Jl^se^rcbes^ 

^heo 
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When  basall  is  decomposed,  and  intennixt 
with  fragments  of  rock  cemented  by  loose  clay, 
it  is  called  basaltic  tufa.  Some  basalts  decom- 
pose rapidly,  and  form  productive  soils.  I 
have  seen  a  mound  formed  of  basalt  that  had 
been  got  out  of  a  mine  by  blasting  with  gun- 
powder, and  which  a  respectable  miner  in- 
formed me  was  once  extremely  hard  and  re^ 
sisted  the  point  of  the  pick  ;  but  by  exposure 
to  the  air  for  thirty  years  it  was  converted 
into  a  rich  mould,  and  covered  with  a  lux- 
uriant crop  of  vegetables.  Some  very  dark- 
coloured  compact  basa]ts  and  lavas  appear  to 
resist  the  decomposing  effects  of  the  atmo- 
sphere more  powerfully  than  any  stone.  Thq 
asperities  and  protuberances  on  the  basaltiq 
rocks  in  Auvergne  are  described  by  D'Au- 
buisson  as  preserving  all  the  appearances  of 
the  recent  action  of  volcanic  fire,  and  are  so. 
fresh,  that  he  says  it  seems  as  if  the  melted 
matter  were  still  trickling  from  them,  *  iU 
semblent  degoutter  encore/  The  antiquity 
of  these  rocks  is  lost  in  the  darkness  of  past 
ages,  as  the  volcanoes  of  Auvergne  wore  an- 
terior to  historic  records,  and  probably  to  the 
present  condition  of  the  globe. 

CHAP- 
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CHAPTER  VIL 

ON      SECONDARY       STRATA      AND     ROCK- 
SALT    FORMATIONS. 

Strata  of  Secondary  Rocks  of  limited  cvtent. — 
Succession  of  Organic  Remains  niarkuig  the 
changes  which  have  taken  pUice  on  the  surface 
of  the  globe, — Rock  Salt  Formations :  Opini- 
ons respecting  their  Origin. — Valley  of  Rock- 
Salt  at  Cardona  in  Spa'ni^  Rock-Salt  of  Chcs- 
*  shire  and  various  parts  of  the  world. — On  the 
Accumulation  of  Salt  in  the  Ocean. 

OFXONDARY  Stratified  rocks  are  widely  ex- 
tended over  the  globe.  They  form  gentle 
swelling  hills,  which  seldom  rise  to  a  great 
elevation.  They  contain  few  metallic  ores; 
but  are  the  repositories  of  the  most  useful 
treasures  of  the  mineral  kingdom,  coal,  iron- 
stone, and  rock-salt.  Distyicts  composed  of 
secondary  rocks  constitute  the  habitable  parts 
of  the  world.  Alpine  mountains  are  covered 
with  eternal  snow,  or  exposed  to  the  fury 
of  the  elements;  their  declivities  are  too 
steep  to  admit  the  accumulation  of  soil,  and 
it  is  only  in  the  sheltered  valleys  by  which 
they  are  intersected,  that  man  and  the  ani- 
mals be  has  domesticated  can  find  the  means 

of 
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of  support.  On  the  contrary,  countries  form* 
ed  of  secondary  rocks  are  generally  capable 
of  cultivation  over  the  whole  surface. 

Secondary  ro«ks  include 

1  Siliceous  sand-stone  or  grit-stone. 

2  Argillaceous  sand-stone  and  shale  ^. 

3  Earthy  lime-stone. 

4  Calcareous  sand-stone. 

5  Chalk. 

They  contain  beds  of 

Gypsum. 

Rock-salt, 

Iron-stone, 

Coal. 

Trap  or  basalt. 
In  what  I  am  about  to  statey  it  will  be 
perceived  that  the  arrangement  and  succes- 
sion of  the  rocks  of  this  class  vary  in  dif- 
ferent countries.  Where  they  exist  in  an 
uninterrupted  series,  descending  from  moun- 
tains of  granite,  slate,  and  metalliferous  lime- 

*  Shale  is  a  more  distinct  term  to  designate  this  sub- 
itance  than  slate-clay,  which  may  be  confounded  with 
day-slate  or  argiUaceoos  schist.  Shale  is  principally 
formed  of  clay  more  or  less  indurated^  approaching  to 
the  quality  of  slate.  It  divides  into  plates  or  laminae : 
hence  in  the  northern  counties  it  is  called  plate. 

stonci 
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9tone,  to  the  sea  shore,  they  fi^quently  occur 
in  the  following  order : — First,  coarse  siliceous 
sand-stone  and  shale  covering  imetalliierous 
lime-stone ;  next,  argillaceous  sand-stone  and 
shale,  containing  iron-stone  and  coal,  inter- 
mixt  with  finer-jgrained  siliceous  sand-stone; 
after  these,  earthy  lime-stone  and  different 
kinds  of  sand-stone ;  and  lastly,  chalk,  which 
was  considered  as  the  most .  recent  formation 
of  lime,  until  the  late  discovery  of  calcareous 
strata  over  it  considered  by  some  geologists 
as  a  fresh- water  formation. 

Most  of  the  rocks  called  secondary  are 
generally  distinctly  stratified,  and  some  of 
them  contain  water-worn  fragments  and  peb- 
bles of  other  rocks.  When  they  are  princi- 
pally composed  of  the  debris  of  other  rocks, 
they  have  been  sometimes  denominated  /er- 
tiaty.  Geologists  have  generally  admitted  that 
secondary  rocks  were  arranged  by  the  agency 
of  water.  It  has  been  supposed  that  they 
owe  the  regularity  of  their  stratification  to 
the  action  of  the  tides ;  but  it  is  difficult  to 
conce^ive  thrft  thi>i  has  been  the  case  with 
coal.  The  German  geologists  assert  that 
secondary  rocks  as  well  as  primary  constif;ute 
what  they-  call  universal  formations,  and  are 

to 
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to  be  met  with  in  every  country,  lying  over 
each  other  in  one  determinate  order ;  but  if 
thb  were  true,  we  should  not  perceive  that 
great  diversity  which  every  where  prevails. 

In  no  part  of  England  with  which  I  am  ac- 
quainted do  the  secondary  strata  agree  with 
the  arrangements  of  Werner.  One  cause  of 
thb  difference  results  from  a  fact  admitted 
by  Werner  and  his  disciples,  who  are  agreed 
that  many  of  the  secondary  strata  are  prin- 
cipally formed  from  the  debris  or  fragments 
of  pre-existing  rocks.  If  such  be  their  ori-* 
gin,  it  is  to  be  expected  that  they  will  vary 
according  to  the  nature  of  the  mountains  in 
their  vicinity  at  the  time  of  their  formation. 

In  some  situations  elevated  ranges  of  moun- 
tmns  have  been  rapidly  decomposed;  in  others 
they  have  resisted  the  action  of  the  elements  t 
hence  we  may  expect  that  different  districts 
will  have  a  great  diversity  of  secondary  strata, 
and  rach  is  found  to  be  the  fact;  Though  I 
am  far  from  admitting  that  the  greater  part 
of  the  strata  called  secondary  are  mechanical 
depositions  (see  chapters  X  and  XVI),  some 
of  them  are  evidently  so,  or  are  much  inter- 
mixt  with  mechanical  deposits. 

Many 


IjG  skcondary  rocks. 

Many  lime-stone  mountains  are  principally 
formed  of  one  species  of  marine  shells.  In 
some  of  the  strata  they  are  distinctly  per-* 
ceptible^  and  compose  nearly  the  whole  mass; 
but  we  cannot  suppose  that  beds  of  one  par-. 
ticular  kind  of  shell-fish  have  at  any  time 
encircled  the  whole  globe*  Lime*st;cme  must 
therefore  exist  partially  in  different  countries, 
and  be  entirely  wanting  in  many  situations: 
— this  is  confirmed  by  numerous  obser\'ations. 
And  it  not  only  holds  true  with  respect  to 
lime-stone  composed  principally  of  organic 
remains,  but  of  other  lime«^stones  in  which  na 
such  remains  occur.  ^  But  the  principal  argut 
meat  against  the  universal  formation  of  8e-> 
xondary  strata  rests  on  the  fact  that  there 
is  nt>  stratum  which  has,  or  can  be,  traced 
over  any  very  considerable  portion  of  the 
globe ;  and  even  where  a  stratum  has  been 
1  raced  to  the  distance  of  several  miles,  it  fre- 
quently varies  so  much  in  its  thickness  and 
( Qntents  as  to  render  its  identity  doubtful. 

The  rocks  of  the  second  class,  called  trana» 
ition  rocks,  have  been  before  described  ai 
containing  remains  of  zoophytes,  and  mariat 
animals,  which  no  longer  e:(ist  on  the  globe. 

In 
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In  the  strata  which  cover  them,  these  nrarina 
remains  cease  to  appear;  but  they  generally 
abound  with  impressions  of  vegetables,  and 
^Main  much  carbonaceous  and  bituminous 
matter,  and  frequently  alternate  with  regular 
beds  of  coal.    The  striking  change  in  the  na- 
ture of  these  organic  remains,  from  marine  ani- 
mals to  vegetables,  marks  that  a  great  revolu- 
tion had  taken  place  in  the  condition  of  our 
present  continents,  after  the  formation  of  the 
mountain  lime-stone,  and  before  the  deposi* 
tion  of  the  coal  strata.     To  whatever  causes 
ve  are  to  attribute  this  change,  it  has  also 
beciiattended  with  another  effect  not  less  re* 
"    markable ;  after  this  period  the  formation  of 
I    metallic  veins  appears  to  have  almost  entirely 
1    ceased,  for  they  very  rarely  shoot  up  into  the 
(    secondary  strata  which  alternate  with  coal. 

We  have  a  remarkable  instance  of  this 
^  change  from  animal  to  vegetable  remains  in 
I  the  prevailing  rocks  of  some  of  the  northern 
fe  counties.  The  metalliferous  mountains  of 
i  lime-stone  which  extend  through  the  Peak  of 
•  Derbyshire,  and  through  Craven  in  York- 
shire, abound  exclusively  with  the  organic 
remains  of  marine  animals.  They  are  co- 
vered on  the  eastern  side  by  two ^ thick  beds 

which 
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which  contain  carbonaceous  and  bituminoifs 
matter  and  vegetable  impressions.  The 
lowest  is  from  one  hundred  and  fifty  to  out 
hundred  and  seventy  yards  in  thickness.  It 
is  called  by  Mr.  Farey*  lime-stone  shale, 
because  it  occurs  over  lime-stone.  It  is 
composed  principaUy  of  thin  strata  of  shal6 
and  sand-stone.  Where  it  is  exposed  t6 
the  air  it  is  of  a  dark  reddish  brown  colour'; 
over  this  lies  a  bed  of  coarse  grained  sili*- 
ceous  sand-stone,  not  less  .than  one  hun^ 
dred  and  thirty  yards  in  thickne*.  It  hai 
been  called  mill-stone  grit  by  Mr.  Whitfe^ 
hurst  and  the  miners  in  the  north  of  En^^ 
gland,  from  being  used  for  the  purposes  of 
mill-stones.  These  two  beds  separate  the 
metalliferous  lime-stone  from  the  coal  stratft 
in  that  part  of  England;  for,  though  thift 
seams  of  coal  sometimes  are  met  with,  they 
do  not  contain  any  of  sufficient  thickness  td 
be  worked,  except,  indeed,  what  sometime* 
occur  in  detached  basins  or  hollows  formed 
in  these  beds,  provincially  called  swilleys. 
Such  coal  basins  are  also  found  in  the  lowest 
red  sand-stone  on  the  western  side  of  Efti 


*  Farcy's  Derbyshire. 

gland. 
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^and.  The  occurrence  of  these  detached 
leries  of  strata  in  basin-shaped  concavities 
affords  reason  to  believe  that  these  hollows 
were  once  lakes,  at  a  period  when  the  pre^ 
lent  continents  were  emerging  from  the  ocean. 
That  lakes  both  of  salt  and  fresh  water,  of 
TBst  extent,  have  once  covered  a  consider* 
able  part  of  the  dry  land,  is  rendered  ex*- 
tremely  probable  by  a  variety  of  existing 
manoments.  Such  must  in  fact  have  been 
tbecase  before  rivers  and  currents  had  opened 
a  passage  from  the  higher  valleys  to  the 
lower  plains.  .  At  this  sera  most  of  the  great 
formations  of  rock-salt  appear  to  have  com<- 
menced,  prior  to  the  formation  of  the  coal 
strata,  for  they  occur  in  beds  whose  geolo* 
gical  position  is  subjacent  to  the  regular  coal 
formations. 

Hie  lowest  red  sand  rock,  described  in  the 
feurth  chapter,  has  been  considered  as  the 
pecuHar  repository  of  rock-salt ;  but  it  may 
aore  properly  be  said  to  be  surrounded  by 
this  rock  lying  in  basins  or  hollows,  covered 
by  beds  of  indurated  clay-gypsum  and  marie, 
Init  not  by  the  red  sand-rock  itself. 

The  occasional  occurrence  of  brine-springs 
^  the  lower  series  of  coal  strata  proves  the 

existence 
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exiiitencfe  ef  rock-salt  below.  These  strata 
generally  lie  in  basin-shaped  concavities,  aoa 
have  probably  been  formed  in  valleys  which 
were  once  lakes.  Were  we  well  acquainted 
with  the  peculiarities  of  many  of  the  prin- 
cipal rock-salt  formations,  we  should  perhaps 
discover  that  their  original  formation  had  also 
been  in  hollows  or  lakes.  The  rock-salt  for- 
mation at  Cardona,  in  the  province  of  Cata* 
Ionia,  affords  an  illustration  of  this  mode  of 
formation.  From  a  drawing  and  description 
by  the  Count  Alexander  La  Borde,  given  in 
his  magnificent  work  (Voyages  Pittoresques 
dans  TElspagne),  and  from  personal  commu- 
nication with  that  intelligent  traveller,  I  am 
enabled  to  give  an  account  of  this  remark- 
able valley,  hitherto  so  imperfectly  known  in 
this  country. 

**  The  salt  district  of  Cardona  compre- 
hends the  hill  on  which  the  town  is  situated, 
and  the  environs  of  more  than  a  league  in 
circumference.  The  surface  is  almost  every 
"where  covered  witli  vegetable  soil  to  the 
depth  of  six  inches  or  more,  which  renders 
it  productive.  The  place  where  the  rock-salt 
is  procured  is  a  valley  forming  an  oval,  about 
one  mile  and  a  half  in  length,  and  half  a 

mile 
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mile  in  breadth  from  east  to  west,  extending 
from  the  Castle  of  Cardona  to  the  promon- 
tory of  red  salt  at  the  other  end.  The  last 
b  the  most  considerable  of  the  sail  rocks, 
and  has  not  yet  been  worked  ;  it  is  six  hun- 
dred and  sixty-three  feet  In  height,  and  twelve 
hundred  and  twentv  feet  in  breadtli  at  tt^ 
base.  This  valley  is  also  traversed  by  a  chain 
of  hiUs  of  rock-salt :  besides  these,  there  are 
other  rocks  of  salt  at  the  feet  of  the  for- 
tress, and  upon  the  declivity  of  the  moiin- 
iniD  which  stretches  to  the  fountain  called 
Cancnnillo,  The  mountain  of  red  salt  is  so 
called  because  that  colour  predominates;  but 
the  colours  vary  with  the  altitude  of  the  sun, 
and  the  greater  or  less  quantity  of  rain.  At 
llie  foot  of  this  mountain  a  spring  of  water 
issues,  which  comes  through  a  fissure  wq 
perceive  on  the  summit.  The  rivulet  runs 
all  along  the  valley  from  the  east,  but  passes 
under  ground  in  part  of  its  eourse,  particu- 
larly under  the  hill  where  the  rock-salt  is 
mined  ;  it  rises  again  to  the  surface  at  a 
Uttle  distance  ;  and,  ufter  running  along  the 
plain,  discharges  itself  into  the  river  Car- 
doba.  This  brook  in  rainy  seasons  swells  the 
haters  of  the  river,  which  then  become  stilt^ 
M  and 
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and  destroy  the  fish.  But  at  three  leagues 
lower  the  water  has  no  perceptible  taste  of 
3ttlt.  All  these  salt-mountaiRs  are  intersected 
by  erevices  and  chasms,  and  have  also  spa^ 
cious  grottoes,  where  are  found  stalacytes  of 
9alt  shaped  like  bunches  of  grapes,  and  of 
tarious  colours.  ^^  Nothing  can  compare  with 
^e  magnificence  of  the  spectacle  which  the 
mountain  of  Cardona  exhibits  at  sunrise. 
Besides  the  beantiful  fonns  which  it  preseBts, 
it  appears  to  rise  above  the  river  like  a  moun^ 
tain  of  precious  gems,  dbplaying  the  Tarious 
colours  produced  by  the  refraction  of  the  solar 
rays  through  a  prism.  Thu»  the  imaginatioa 
pf  the  Arabian  poets  pictured  their  palaces  of 
diamonds  constructed  by  fairies  and  genii  in 
the  solitudes  of  Asia:"  (the  Count  adds)  '*  Aux 
environs  de  Cardona,  oh  Ton  peut  contempler 
fie  loin  le  beau  spectacle  de  la  montagne» 
qui  se  dereloppe  sous  le  fifmament  azur  de 
TEfipagne,  on  croit  voir  un  arc  en  ciel  tomlK§. 
fur  la  terre,  oil  le  Mont  Olympe,  kfr^qiue  Ju- 
piter et  tous  les  dieux  descendent  y  tenir 
leur  coun  Le  fleuve  Cardona,  qui  cpule  ma 
mili^u^desroliviei^  et  des  lauriers  roses^  doMM 
rid6e  dei  P&a£e  par6e  des  arbre»  de  MiiM^nf 
^d'ApoUon."" 
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TravellL-rs  hud  described  the  rock-salt  of 
Cardoiiii  as  u  detached  moutiinin,  which  gave 
^  veiy  erroneous  idea  of  tlie  place.    Though 
lesaJt  here  i»  of  various  colours,  the  inostpre- 
iling  are  red  and  dark  green,  veid  foncc. 
Tiie  annexed  plate  will   give  a  more  di- 
inct  idea  of  thi.n  foriDation  of  s^ilt  than  tlie 
lost  elabonite  description  alone  caii  possibly 
nrey.    The  Count  obligingly  gave  instruc- 
>iM  respecting  tlie  colouring. 
It  is  a  bird's  eye  view,  conimamiing  the 
vated  plaiu  ia  which  the  valley  is  exca- 
ted  a»  well  as  the  valley  itself,  the   lofty 
^\&i  of.  roclfsalt  on  its  sides,  the  chain  of 
'J^ls  of  rock-salt  which  range  along  il,  and 
the  promontory  of  red  salt  at  the  further  ex- 
tremity,   with    the    river   Cardotiii    and    ihe 
IBOuntain  of  salt  on  which  the  town  is  situ- 
.■teJ,  at  the  nearer  end  of  the  valley.     The 
jvcond  rock  in  the  valley  is  that  which  is  at 
present  worked  for  salt,  and  under  this  the 
rirulet  passes  in  a  sublcrruncan  channel.  The 
bnsis  of  the  whole  plain  is  composed  of  rock- 
iWlli  but  the  surtiice  is  covered  with  soil,  and 
^jldiitcd  with  vineyards.  It  was  probably  once 
^iie  bottom  ofa  ttalt  lake,  of  which  the  distant 
mountains  fornicd  part  of  the  boundary. 
rar-1  u  'I  There 
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There  is  an  extensive  formation  of  roek« 
ttthy  stretching  on  each  side  of  the  Carpa* 
thian  mountains  for  six  hundred  miles,  firom 
WeUelska  in  Poland  towards  the  north,  ta 
Rimnie  in  Moldavia  on  the  south.  It  ha» 
indeed  been  observed  thi|t  rock-salt  and 
brin^-spmngs  most  generally  occur  near  the 
ftjit  of  extensive  mountain  ranges,  w^cb 
adds  probability  to  the  opinion  that  these 
ranges  were  once  the  boundaries  of  extensive 
salt  lakes* 

*  The  principal  salt  formation  of  England  ex«- 
t4nds  at  some  little  distance  from  the  western 
side  of  the  bills  which  divide  the  rivers  that 
flew  into  the  eastern  and  western  sea# 

*  'The  rock-si^  of  Cheshire  cannot  properly^ 
be  said  to  he  ib  or  under  tlie  red  sand  rock 
before  described^  but  is  surrounded  by  it,  and 
probably  rests  upon  it ;  but  as  the  lowest  <bed 
of  salt  has  not  been  sunk  tbroagb,  this^  Gannett 
be  yet  asoertaitied*  The  upper  bed  «f  rock-^ 
^t  in  that  county^  is  about  forty-two  yarde 
below  the  surface :  it  is  twenty*six  yards  tbiek^ 
and  iscsepaiated  from  the  lower  becl  of  salt,  by^ 
a  stratum  c^aigillaceouastc«e  ten  yards  tbiek^ 
Ilie  lower  salt  has  been  sunk  into  forty  yardiw 
The  upper  b^  was  dtscovened  about*  a  bim-^ 
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dred  and  forty  years  since  in  searching  tor 
«al.     Kock-salt  at  Northwich  extends  in  a 
direction  from  N.  K.  to  S.  W.  one  mile  and  a 
alf:  its  further  extent  in  this  direction  has 
oC  been  ascertained;  its  breadth  is  about 
barteen  hundred  yards.     In  another  part  of 
Cheshire  three  beds  of  rock-salt  have   been 
bniid.     The  uppermost  is  four  feet,  the  se- 
ond   twelve  feet,  and    the  lower  has  been 
nnk  into  twenty-five  yards,  but  is  not  cut 
'  ibrough.      Besides  the  beds  of  rock-salt,   nu- 
tmerous  brine  springs,  containing  more  than 
115  per  cent,  of  salt,  rise  in  that  county.    The 
ansparenl  specimens  of  rock-salt  are  nearly 
free   from   foreign   impurities,    and   contain 
scarcely  any  water  of  crystallization.     In  sea 
water  a  large  portion  of  nuiriate  and  sulphate 
[  of  magnesia  is  found,   which   gives  it   that 
I  bitter  nauseous  titste  disiinet  from  its  salt- 
I  ness.     This  difference  in  the  composition  of 
^«ea-water  and  of  rock-salt  might  seem  to  in- 
dicate that  rock-salt  was  not,  as  some  sup- 
,  pose,  produced  by  the  evaporation   of  sea- 
'  water.     But  if  it  were  formed  in  detached 
'  lakes,  it  is  possible  that  the  waters  of  these 
lakes  did  not  contain  precisely  the  same  salts 
ia  solution  as  those  of  the  sea.    We  know 
that 
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that  the  waters  of  some  of  the  salt  lakes  ei^ 
isting  at  present  differ  in  their  contents  from 
^ea-water.  If,  however,  the  evaporation  were 
very  slow,  the  salt  of  the  ocean  would  sepa*^ 
rate  from  all  its  impurities  by  crystallizatiODt 
and  the  latter,  being  more  deliquescent,  might 
be  washed  away. 

It  may  deserve  notice,  that  few,  if  any,  re* 
mains  of  marine  or  other  organized  bodies 
are  found  in  the  beds  accompanying  the 
roqk?salt  of  Cheshire.  In  the  Polish  salt* 
mines  bivalve  shells  and  the  claws  of  crabs 
are  met  with  in  the  upper  strata  of  marie ; 
and  vegetable  impressions  in  the  bed  cover** 
ing  the  lower  salt,  at  the  depth  of  two  hun*t 
dred  and  twenty-five  yards  from  the  surface. 

The  salt  formation  at  Droitwich  in  Wor- 
cestershire appears  to  be  surrounded  by  the 
same  kind  of  rock,  and  covered  with  similar 
beds  of  gypsum  and  marie  to  that  of  Che^ 
sbir^  Here  the  rockrsalt,  though  its  exists ' 
enca  has  been  proved  by  boring,  is  no  where 
worked.  The  salt  is  procured  by  evaporating 
the  water,  which  is  nearly  saturated  with  it. 

Salt  springs  occur  in  some  of  the  coal 
ftrata  of  Northumberland  and  Durham,  parn 
Ocularly  a^  I^"^  Bentonj^    in  the  former 

pounty^ 
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county,  mhere  the  proprietors  have  the  ex- 
clusive privilege  of  extracting  soda  from  it 
'Without  paying  the  regular  dury.  A  spring 
of  brine  rises  in  the  river  Wear,  in  the 
county  of  Durham. 

Brine  springs,  containing  from  5  to  6  per 
cent,  of  salt,  rise  in  the  coal  mines  near 
Ashby  de  la  Zouch  in  Leicestershire,  at  the 
depth  of  two  hundred  and  twenty-five  yards 
under  the  surface.  A  weaker  brine  also  rises 
in  the  upper  strata:  it  springs  through  fis- 
sures in  the  coal,  attended  with  a  hissing 
noise  occasioned  by  the  emission  of  hydro- 
gen gas. 

I  examined  these  mines  belonging  to  the 
Earl  of  Moira  in  the  summer  of  1812  :  they 
are  situated  at  Ashby  Wolds,  in  the  very 
centre  of  England^;  and  what  may  appear 

remark- 

*  From  some  experiments  I  made  to  determine  the 
strength  and  purity  of  this  brine,  and  the  quantity  5up- 
pfied  by  the  brine  from  two  minea  per  day,  I  aseertained 
that  nearly  eight  hundred  tOQ9  of  salt  are  thrown  away 
Hiinually,  wliich  might  be  evaporated  at  a  very  trifling  ex- 
pense, as  the  small  coal  at  hand^  which  would  answer  for 
tiie  purpose,  is  made  no  use  of.  But  here,  as  in  numerous 
other  inbtances,  tlie  excise  laws  present  an  insuperable  bar 
to  the  profitable  application  of  our  own  natural  jiches.  For 
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reinarVal>le  in  this  situation,  they  are  worked 
one  hundred  and  forty  yards  below  the  level 
of  the  sea,  which  is  ascertained  from  the  le- 
vels of  the  canal  that  passes  by  the  pits,  ^ad 
this  circumstance  been  known  before  the  ab- 
tenlion  of  geologists  was  directed  to  the  struc- 
ture of  the  earth's  surfa^ce,  it  would  have  been 
inferred  that  brine  springs  so  far  below  the 
level  of  the  sea  had  their  soiij^e  from  the  wa- 
ters of  the  ocean  percoljating  through  fissures 
in  the  earth. 

Rock-salt  occurs  sometimes  in  very  ele- 
vated situations,  ^  in  Peru,  where  it  is  found 


the  duty  bears  eitch  an  overwhelming  proportion  to  the 
amount,  and  requires  so  much  capital,  that  eight  hundred 
tons  is  too  small  a  quantity  to  support  an  establishment  for 
the  manu^iacture  of  salt.  Under  a  system  so  vexatious  as 
that  of  the  excise,  with  its  train  of  spies  and  informers,  no 
improvement  dare  be  attempted  in  the  manufacture  of  soda 
and  salts  prepared  chemically;  the  excise  is  in  fact  a  pro- 
hibition to  the  manufacture  of  soda,  except  for  one  purpose 
only,  the  making  of  glass.  Thus  we  are  compelled  to  im- 
port from  other  countries,  at  a  heavy  expense,  what  we 
throw  away  at  home.  No  blame,  however,'  can  possibly 
a^tneh  to  our  present  or  late  ministers  for  the  existence  of 
a  system  long  ^nce  established.  Dr.  Johnson,  in  his  Die* 
tionary,  half  a  century  ago,  defined  the  excise  to  be  ^'  a. 
hatefiil  tax  on  oonimodities,  not  adjudged  by  the  comoKNii 
judges  of  jaroperiy." 

at 


at  the  beigbt  of  nine  thousand  ieet  above  the 
level  of  the  sea,  accompanied  with  sand-storw 
and  gypsum.  It  may  however  deserve  Inquiry, 
whether  rock-salt  ever  exists  but  where  there 
k  still  higher  ground  in  its  vicinity.  The  salt 
ui  the  soil  near  the  Caspian  sea  and  the  sea 
of  Ami  may  probably  have  been  left  when 
those  seas  were  contracting  their  bounds. 

In  the  lofty  deserts  of  Caramania  in  Aaia, 
according  to  Chardjn,  rock-salt  is  so  abun- 
ilant,  and  tlie  atmosphere  so  dry,  that  th« 
inhabitants  use  it  as  stone  for  building  their 
bouses.  This  mineral  is  also  found  on  thq 
vbote  elevated  table  land  of  Great  Tartary, 
Thibet,  and  Indostan.  Extensive  plains  in 
Persia  are  covered  with  a  saline  efflorescence; 
and  according  to  the  account  of  travellers, 
the  island  of  Ornius,  iti  the  Persian  Gulf,  14 
goe  lar^e  mass  oi'  rock-salt. 

the  banks  of  the  river   Missouri  ii) 
forth  America,  a  chain  of  mountains  is  sat(t 
to  extend  eighty  miles  in  length  and  forty^ 
fire  in  breadth,  and  of  considerable  height* 
listing  of  pure  rock-salt,  barely  covereil 
earth«  hut  without  any  tree  or  shrub. 
It  exists  also  in  the  state  of  Kentucky.    Tb<^ 
repositories  of  iliis  mineral  are  there  callei} 
Lieksx 


■     we' 

^^Ori 

toei 
fire  , 


I7t  JIOCK-SALT« 

and  sodium.  It  has  so  little  water  of  cry^ 
rtallization,  that  it  scarcely  decrepitates  when 
tbrowD  on  burning  coals,  in  which  it  differs 
from  salt  prepared  artificially  by  evaporstioii^ 
Specimens  of  rock-salt  sent  me  firom  the  Po^- 
lish  mines  are  less  disposed  to  deliquesce  tbaa 
those  from  Cheshire.  The  deep  red  colour 
▼ery  common  to  rock-salt  is  derived  from  dw 
oxyd  of  iron.  Clay  or  marie  commonly  ao» 
company  rock**salt ;  it  frequently  lies  imbed* 
ded  in  chty  in  detached  masses ;  the  clay  is 
often  Quch  impregnated  with  salt,  which 
is  extracted  from  it  by  solution  in  waten 
The  almost  constant  occurrence  of  sulphat 
of  Hme  (gypsum)  with  rock-salt  is  also  a  fact 
of  considerable  interest.  It  is  curious  to  ob« 
serve  the  two  most  powerful  acids,  the  sdU 
phuric  and  muriatic,  so  nearly  associated  ia' 
the  same  place*  This  fact,  in  a  more  ad« 
vanced  state  of  science,  may  elucidate  the 
cbemicaL  changes  which  have  effected  th# 
loraiation  of  these  minerals. 

Hie  most  natural  hypothesis  respecting  the 
formation  of  rock-salt,  at  least  in  some  situa-* 
tions^.  is  that  before  stated,  which  attributes 
it  to  the  gradual  evaporation  of  lakes  and 
pools  of  salt  water  that  remained  when  the  • 
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ocean  retired  from  our  present  continents* 
By  slow  evaporation  this  mineral,  which  is 
nearly  pure,  would  be  separated  from  the 
•ulpbat  of  magnesia  and  the  sutphat  of  soda* 
ttiaC  exist  in  sea  water.  Theae  salts  being 
ako  more  dehquescent,  might:  be  washed 
Mvav  before  the  beds  were  covered  with 
other  strata.  Whetlier  beds  of  rock-salt 
have  generaUy  suttered  the  action  of  aubter- 
nneaii  lire,  by  which  they  were  rendered 
conHuent  and  eonsohdated,  as  some  philoso- 
pii«r»  have  supposed,  may  be  doubted.  Pre»* 
mre  and  time  are  perhaps  adequate  to  the 
production  of  many  phtenomena  in  the  mi- 
neral kingdom,  which  have  been  attributed 
to  other  causen;  for,  from  various  circum- 
itanccs  whicl)  will  be  noticed,  it  appears  that 
the  particles  of  solid  bodies  are  not  in  a  qui^ 
eecent  state,  but  are  capable  of  assuming  ft 
crystalline  arrangement  at  a  comparatively 
low  degree  of  temperature.  Had  subterra- 
tmn  (ire  in  all  instances  been  the  cause  of 
tbe  evaporation  which  produced  sea-ealt,  its 
composition  would  scarcely  have  been  so 
pare  a«  it  is  at  present  found,  and  the  action 
of  d^is  fire  on  the  upper  strata  must  hai-e 
produced'  some  effects  on  the  intermediate 
beds 
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beds  of  clay,  8cc.  It  may  eicite  surpiiad 
that  a  mineral  so  soluble  as  tock««alt  should 
remain  for  aget  ex{>osed  to  the  influence  of 
the  atmosphere  r  but  most  of  the  cbuntriea  iq 
which  this  mineral  is  found  in  elevated  siUH 
ations,  are  those  in  which  rain  very  raiely 
falls,  <md  it  is  generally  protected  by  a  thtot 
coji^ering  of  clay  or  marie.  It  must  however 
be  gradually,  though  insensibly^  diminishio^ 
by  atmospheric  moisture  and  by  subt^i^ 
xaneari  waters,  which  carry  off  a  pCurtioa  of 
it  to  the  ocean.  From  various*  experiments  it 
appears,  that  the  water  takeu  from  consideiv 
able  diepths  in  the  sea  contains  more  salt 
than  that  near :  the  surface ;  it  is  also,  somo! 
what  jsalter  aft^  stormy  weather  than  b^rtj 
which,  can  onlyi  be  explained  by  admit^Dg: 
that  the  lower  iwateps  are  at  such  times  mom 
intermixed  with  the  upper.  These  facts  may 
perhaps  throw  some  light  on  the  fi)rmatioaof 
rock-salt.  If  pressure  or  any  other  cause  be 
sufficient  to  suspend  the  power  of  chemical 
affinity,  which  would  diffuse  the  salt  equally 
through  the  whole  mass  of  water,  it  may  at 
still  greater  depths  occasion  the  deposition  of 
the  saline  contents  at  a  much  lower  state  of 
concentration  than  would  be  required  to  ae« 

parate 
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parate  it  at  the  surface.  Late  discoveries  have 
made  us  acquainted  with  a  power  which  can 
not  only  suspend  but  reverse  the  common  laws 
of  chemical  affinity.  When  we  see  the  effects 
of  the  voltfuc  energy  produced  by  the  super* 
position  of  small  plates  of  various  substances  % 
caa  we  believe  that  the  atmosphere,  the  ocean, 
and  the  eartli  cover  each  other  without  pro-* 
ducingefiects  commensurate  to  the  immense 
turfiices  which  are  in  contact?  All  theriy^rs 
which  flow  into  the  sea  carry  with  them^  a 
quantity  of  ^various  salts  in  solution^'  whilst 

die  water  raised  by  evaporation,  and  returned 

*.  '  ■      • 

to  the  earth,  is  nearly  pure.  We  must  there- 
fore admit  tiiat  the  ocean  is  becommg  saker, 
or  that  some  natural  process  is  constantly  de- 
positing a .  portion  of  its  saline  content^i^  fa^ 
vhicb  its  waters  are  presejvf^^  in.  the  same 
ftate>  of  strengtli  and  purity  tjhrough  succeed- 
ingages.  ..    i  .  .     ,, 

*^— "^.^^F"^*"    ■         I  l.-ii        Wli»  «■        ■.■■■.II         '       it  n  mm^mf^^mm^,mmlm, 

•  ....  •  .       , 

■  ^  I  lefier  to  the  very  curious  column  of  M.  De  I^uc,  ia 
which  the  electric  power  is  in  a  state  of  incessant  activity 
^nthout  any  apparent  diniiuution  of  strength^  or  dccompo- 
ntion  of  the  metallic  surfaces. 
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CHAPTER  Vni. 

■  ■ 

(^N     SECONDARY     STRATA     COKTAIiriKfiP 
COAL    AND    IRON'^STONE. 

• 

llepositories  of  Stratified  Coal — Brawn  Coal^'-^ 
Black  Coal— Peculiarities  6f  Coat  Strata.'^ 
DisloaUians  or  Faults,  their  Effects  on  the 
Heater  in:  Coat  B/Snes.-^Porition  and  Geohgt^ 
cat  Relations  (^  Coal  Strata. — Ohseroatimm  onl^ 
She  Modes  of  searching  for  CaaL-^Irom^om 

.  aoQompatiffiiig.  Coal. — Ptxcautiom  neoessa^jf  in 
the  EstaUishment  of  Iron  Furnaces. — Varietifs 

.  of  Coal — Plumbago. — On  the  Origin  and  For^ 
tnation  of  Coal* — On  Aluminous  Shale  or  Schis^ 
tus  in  Coal  Strata. 

JL  HE'  secondary  strata  which  lie  upon  f&tt 
metftUxferotts  limeHsfone,  or  on  the  red  saUd^ 
stone,  are  the  proper  repositories*  of  coal  and 
iron-stone ;  coal  very  rarely  occurs  with 
lime-stone,  and:  isr  nBver  found  in  the  upper 
calcareous  strattr  composed  of  fOe^stone '  and 
chalk. 

Coal  is  a  substance  too  well  known^  to  re- 
quire a  particular  description :  it  may  be  di« 
vided  into  brown  and  black  coal.  The  for- 
mer, sometimes  called  wood  coal,  is  chiefly 

found 
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found  in  alluvial  ground.  It  contains  besides 
charcoal  and  bitumen,  vegetable  principles, 
and  branches  or  trunks  of  trees  partially 
deciomposed,  vrhtch  mark  the  origin  of  this 

kbd  of  coaL 

^^  • 

Black  coal  is  composed  of  charcoal,  bitu* 
meo,  and  earthy  matter.  The  latter  forms 
the  ashes,  which  remain  after  combustion ; 
diese  vary  in  proportion  in  different  coals, 
fima  two  to  near  twenty  per  cent.  The  pro- 
portion of  bitumen  varies  from  twenty  to 
ibrty  pier  cent,  and  the  charcoal  from  forty 
to  more  than  eighty  per  cent. 

Mineralogists  have  enumerated  m^ny  dif- 
ferent kinds  of  black  coal :  several  of  these 
pass  by  gradation  into  each  other  in  the  same 
flttie.  The  most  important  varieties  in  an 
cecooomical  view  are  the  hard  coal,  like  that 
of  Stafibrdshire,  and  bituminous  or  caking 
csoal^  called  in  London  sea  coal. 

Bbck  or  common  coal  forms  regular  strata 
which  vary  in  thickness,  from  a  few  inches 
to  several  feet  or  even  yards;  they  occur  over 
eadi  other,  separated  by  beds  of  clay  or 
stale.  The  series  of  strata  existing  in  one 
situation  is  denominated  a  coal  field. 

Every  district  appears  to  have  its  peculiar 
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series  of  stmia  tmcoimected  M^ith  any  other: 
hence,  the  series  of  stratified  coal  have  been 
denominated  independent  coal  formations* 

Hie  difierent  strata  which  accompanj  cod 
consist  of  beds  of  clay,  more  or  less  inda^ 
rated,  which  occasionally  contain  shells  re^ 
sembling  those  of  fresh  water  mnscles,  loose 
stones  called  rubble,  sand-stone  of  Tarious 
qualities  and  degrees  of  hardness,  argillace- 
ous shale  called  coal  shale  coloured  with  bitifr* 
melt  and  strata  of  iron-stone.  Many  of  the 
strata  abound  in  \^getable  impressions  oif 
ferns,  and  of  other  plants  which  are  either  mi* 
known  genera  or  belong  to  tropical  climales. 

The  difierent  strata  under  a  bed  of  coal 
are  frequently  similar  to  the  strata  over  it, 
«id  the  same  series  is  again  repeated  under 
the  lower  beds  of  coal,  and  sometimes  wi^ 
a  perfect  similarity  both  in  the  successkm, 
and  thickness  of  each.  In  some  instances  ft 
singhr  bed  of  stone  of  vast  thickness  sepa* 
rates  two  beds  of  coal.  In  other  instanceis 
only  a  very  thin  stratum  of  shale  or  clay  Mas 
between  coal  beds.  The  succession  of  thd 
coal  strata  in  Northumberland  is  given  fimnk 
Westgarth  Forster's  section,  plate  7.  fig»  S. 

Numerous  beds  or  seams  of  coal  occur 

in 


in  one  coal  field,  but  very  rarely  more  than 
three  of  these   are  worked.     The  thicknem  ^ 
of  coal    seams  or   beds  varies   from   a   few  ' 
inches  to  several  yards ;  bat  each  of  these  g^  . 
nerally  preservea  the  same  thickness  through-  I 
out  its  whole  extent,  v  hen  not  broken  by  ' 
dislocations  of  the   strata.     Instances  to  the 
contrary  sometimes  occur,  in  which  the  same  < 
bed  will    be   narrower  or  wider,  and  some- 
times divided  by  a  stratum  of  incombustible 
earthy  matter  in  difli^rent  parts  of  its  course. 
Few   beds   of   coal   are  worked  at  a   great 
d^pth  which  are  less  than  two  feet  in  thick* 
ness.     The  stratum  lying  over  a  bed  of  co^ 
t3  called  tbe  roof,  and  the  stratum  under  ic 
the  floor.     The    facility  of  getting  coal  de- 
pends verv  much  on  the  compactness  of  the 
stone  which  forms  the  roof,  not  only  on  ac- 
count of  the  security  from  falling,  but  for 
keeping  out  the  upper  water  and  preserving 
the  pit  in  a  dry  state.    The  great  expense 
incurred  in  supporting  the  roof  when  it  is 
loo$e,  frequently  prevents  a  valuable  bed  of 
coal  from  being  worked,  or  absorbs  all   the 
profit.     In  some  situations  the  roof  is  indu- 
rated clay,  impregnated  with    bitumen   and 
pyrites.     When  this  falls  down,  and  is  inter- 
N  2  mixt 
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mixt  with,  water  and  small  coal  at  the  bottom^ 
ittakes  fir^  spontaneously;  on  which  account 
the  miners  close  up  the  space  with  clay  where 
the  coal  has  been  worked,  to  prevent  the 
access  of  air  to  the  combustible  matter; 
This  kind  of  clay  is  called  '  tow^  it  is  cam<- 
mon  in  the'Ashby  de  la  Zouch  coal  fiieldt 
and  in  Staffordshire.— The  floor  or  stratum 
on  which  the  coal  lies,  consists  of  clay  in 
various  degrees  of  induration,  and  is  almost 
always  of  that  kind  which  will  resist  the 
action  of  fire,  called  fire  clay,  suited  for  for* 
nace  bricks  and  crucibles.  (See  Mr.  Farey's 
Derbyshire  1 79*) 

Coal  strata  are  frequency  bent  in  conca* 
vities,  resembhng  that  of  a  trough  or  basin, 
dipping  doWh  on  one  side  of  the  field  and* 
rising  on  the  other.  In  plate  II,  fig.  2.  the. 
section  of  a  coal  field  is  represented,  in  which 
the  coal  strata  C  C  D  D  are  inclined  in  this 
manner,  but  partially  dislocated  by  a  fracture 
or  fault  aty^  The  extremities  of  the  lowest: 
stratum  C  C  are  several  miles  distant  in  some 
coal  fields,  in  others  not  more  than  one. 

In  the  great  coal  field  in  South  Wales,  die 
strata  are  arranged  in  thisi  manner  over  aa 
extent  of  one  hundred  miles.    At  the  Clee 

Hills 
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Hills  in  Shropshire  the  breadth  of  some  of 
the  coal  fields  is  not  a  mile.  At  Ashby 
Wolds  in  Leicestershire,  in  the  central  part 
of  the  field  at  e>  the  main  bed  of  coal  is 
worked  at  the  depth  of  two  hundred  and 
forty  yards ;  but  by  the  bending  and  rise  of 
the  strata,  the  same  bed  comes  to  the  surface 
at  Cj  about  three  miles  distant.  The  depth 
of  coal  strata  is  very  different  in  different  si- 
tuations, and,  from  the  inclination  or  bend- 
ing of  the  strata,  differs  much  in  the  same 
district,  as  wiil  be  evident  from  what  has 
been  stated,  and  from  an  inspection  of  the 
last  mentioned  figure.  Some  coal  fields  ex- 
tend in  a  waving  form  over  a  district. 
•  On  the  eastern  side  of  England,  the  strata 
generally  decUne,  or  in  the  miner's  language 
dip  to  the  south-east  point :  on  the  western 
ride,  the  strata  are  more  frequently  thrown 
into  different  and  opposite  directions  by  faults 
or  dykes ;  two  fractures  of  this  kind  filled  with 
basalt  were  described  in  the  fifth  chapter. 

In  some  instances  the  coal  strata  are 
thrown  down  or  raised  on  one  side  of  a  dyke 
more  than  one  hundred  and  fifty  yards,  and 
the  miner  after  penetrating  through  it  (see 
plate  II.  fig.  3,  d.)  instead   of  finding  the 

same 
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same  coal  again,  meets  \vith  beds  of  stone  oi^ 
clay  on  the  other  side  at  e :  hence  he  is  fte-i 
quently  at  a  loss  how  to  proceed  in  searching 
for  the  coal  which  is  cut  off;  on  which  ao 
eount  such  dykes  are  called  faults.  If  the 
stratum  of  stone  t  be  the  same  as  any  of  the 
strata  which  were  sunk  through  in  making 
the  pit  or  shaft  g  gj  it  proves  that  the  bed 
of  coal  is  thrown  down  on  the  side  of  the 
fault  at  69  and  he  can  determine  the  exact 
distance  between  that  stratum  and  the  coal 
he  is  in  search  of.  But  if  the  stone  is  of  a 
different  kind  to  any  which  was  above  the 
coal  c  Cj  he  may  be  certain  that  the  strata 
are  raised  on  that  side ;  but  to  what  distance 
can  only  be  ascertained  by  trial,  if  the  under 
strata  of  the  coal  bed  c  c  have  not  been  pre- 
viously perforated.  It  frequently  happens, 
however,  that  two  or  more  strata  of  stone  or 
shale  at  different  depths  are  so  similar  in 
their  quality  and  appearance  that  it  is  impose 
sible  to  distinguish  them :  in  such  cases  it  is 
necessary  to  perforate  the  stratum  to  asOSr* 
tain  its  thickness  and  examine  the  quality  of 
the  strata  above  or  below  it,  by  which  its 
identity  with  any  known  stratum  may  gene* 
r^l^  be  ascertained*    The  manner  in  which 

the 


slraUi  are  inclined  towards  the  feult  will 
determine  whether  they  arc  thrown  up, 
^down,  provided    they  are    not  shatterfid,  ] 
ire  they  come  in  contact  with  it;   whicH  1 
[ucnlly  the  case*.     Each  bed  of  coal  in,  ] 
,1  field  has  certain  characters  by  whlchi  , 
ly  generally  be  known   to  be  the  same; 
iliickness,  and  the  quality  of  the  roof  and 
floor,  with  that  of  the  upper  and  under  strata, 
generally  serve  to  idenliiy  it,  though  it  niay^  I 
sink  deeper  in  one  place  than  another,  and  vary^^ 
iQ  distance  trom  the  surface  five  hundred  teeU 

The  dykes  or  faults  which  intersect  coali,J 
strata  are  generally  impervious  to  water,  anif  | 
lol  unfrequenlly  happens,  that  where  the  < 
,ta  decUne  to  them  they  hold  up  the  water, 
occasion  springs  at  the  surface,  or  keep*  ' 
the  coal  works  on  that  side  of  the  fault  under  ' 
water,  when  the  coal  works  on  the  other  sidef 
are  dry.     This  will  be  better  understood  by    | 
ralernog  to  plate  II.  lig.  2.  and  3,  where  the  . ' 
coal  strata  on  the   right   hand  of  the   faults 
decline  or  dip  to  them,  and  the  water  which 
*  If  the  dyke  make  an  acute  angle  with  the  upper  sur*  -. 
iiet  of  the  suata,  they  are  thrown  up  on  that  bide;  but  if  , 
it  make  an  obtuse  angle,  thej- are  thrown  down.  Seep].  II, 
fig.  2.    In  the  plate  to  the  first  edition  thi»  figure  was  in- 
wneclly  given. 

passes 
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passes  through  or  between  the  strata  will  be 
stopped  at  the  faults  and  held  up,  should  any 
of  the  lower  strata  be  also  impervious,  in  which 
case  the  coal  beds  to  the  right  of  the  fault 
will  be  under  water,  and  those  on  the  other 
side  dry.  Now  should  a  perforation  be  incau- 
tiously made  through  the  dyke,  all  the  water 
will  be  thrown  upon  the  works  on  the  left 
that  were  before  dry.  Where  the  wall  on 
each  side  of  a  fault  belongs  to  different  pro- 
prietors, a  few  strokes  with  a  pickaxe  may 
thus  do  incalculable  mischief  to  those  09  the 
one  side,  and  render  great  service  to  the  other 
by  laying  their  pits  dry. 

The  deepest  coal  mines  in  England  ard 
those  in  Northumberland  and  in  the  county 
of  Durham,  some  of  which  are  worked  nearly 
three  hundred  yards  below  the  surface.  The 
thickest  bed  of  English  coal  of  any  consider- 
able extent  is  the  main  coal  in  Staffordshire, 
which  is  thirty  feet.  The  upper,  lower,  ^nd 
middle  parts  of  the  bed  differ  in  quahty. 
Mr.  Keir,  who  has  written  an  interesting  ac- 
count of  the  mineralogy  of  the  south  of  Stat 
fprdshire,  says  that  thirteen  different  kinds 
of  coal  occur  over  each  other  in  this  bed;  the 
uppermost,  which  is  compact,  serves  as  a 

roof 


fin  getting  the  under  coal.   At  the  Wood 
MilUhill  colliery  in  this  county,  the  coal  19 
said   to   be   forty-five   feet  thick,  and    three 
beds  of  coal  from  three  to  four  feet  in  thick- 
ness, have  been  tbund  under  it,  since  Mr. 
Keir's  account  was  published.  The  first  is  only 
two  yards   under  the   thick  coal.     The  main 
bed  of  coal  in  the  Ashby  de  la  Zout-h  coal  | 
field  is  thirteen  foet  thick;    the  upper   and 
lower  scams  of  tliis  bed  also  vary  in  quality, 
and  the  top  serves  as  the  roof,  being  more' 
conipiict  than  the  stratum  over  the  coal.    Feflr_  I 
beds  of  coal  in  other  parts  of  England  or  in**! 
Wales  exceed  from  six  to  nine  feet  in  thick- 
but  a  difference  in  the  quality  may  gftt^l 

ily  be  observed  in  the  upper,  lower,  an<Ll 
nriddle  parts  of  the  same  bed.     A  curioui^ 
feet  is  stated  by  Mr.  Keir  respecting  the  mail 
coal  of  Staflbrdshire: — in  one   situation 
upper  part  of  the   bed   separates   from   the 
lowtt',  and  rises  to  the  surface,  or  crops  out. 
It  is  at  first  divided  by  indurated  clay  culle(l|j 
bind  or  clunch;  but  as  the  distance  becomei 
If,  the  intervening  stone  grows  hardefiy 
will  strike  fire  with  Hint.     Similar  a 
nrtions  take  place  sometimes  in  the  beds  of  .1 
coal    in    the  mines  of  Northumberland  and  1 
Durham. 
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Durham.  The  largest  known  bed  of  cOal  lA 
the  Weat  Riding  of  Yorkshire  is  near  Bartis^ 
ley:  it  is  ten  feet  thick,  and  is  supposed  to  be 
formed  bj  the  meeting  of  two  or  more  seamSf 
which  soon  separate  again.  TThe  miners  baye 
not  been  able  to  trace  the  same  bed  in  situ* 
ations  where  it  might  have  been  found  had  it 
preserved  the  same  thickness  in  other  parts 
of  its  course. 

Coal  strata,  beside  the  more  common  dis- 
locations by  faults,  present  remarkable  con* 
tortions  which   it  would  be  difficult  to  ex« 
plain,  except  by  admitting  a  lateral  force 
which  has  compressed  them  into  a  zig-zag 
form.     To  the  same  cause,  or  perhaps  to  a 
partial  sinking  of  the  earth,  we  may  attri^ 
bute    the   origin   of  what  is  called   faulty 
ground,   which    frequently  occurs    iu    coal 
fields.  In  this  no  actual  dyke  appears  to  have 
been  formed ;  but  the  beds  of  coal  with  all 
the  accompanying  strata  are  so  brokenftand 
shattered,  that  no  workings  can  be  carried  on 
till  the  miner  has  got  through  them  into  re- 
gular strata.     These  broken  spaces  or  fiiulty 
grounds  occasion  much  more  difficulty  to 
the  miner  than  common  faults  or  dykes,  and 
are  sometimes  of  great  extent. 

In 
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111  some  coal  fidds  one  ptrt  of  a  fitratum 
18  mcfined,  and  the  other  part  vertical.  A 
curious  &ct  of  this  kind  may  be  seen  in  a 
small  coal  field  near  the  town  of  Manches-^ 
ter* 

The  position  of  coal  strata  in  many  coal 
fields  may  be  represented  by  a  series  of  fresh- 
water muscle  shells,  decreasing  in  si2e,  laid 
within  each  other,  but  separated  by  a  thin 
paste  of  clay.  If  one  side  of  the  shell  be 
raised,  it  will  represent  the  general  rise  of 
the  strata  in  that  direction;  and  if  the  whole 
series  be  dislocated  by  partial  cracks,  raising 
me  part  a  little,  and  depressing  the  other, 
to  represent  faults  in  the  coal,  it  will  give  a 
better  idea  of  the  coal  field  than  any  descrip* 
tion  can  convey.  We  are  here  to  suppose 
that  each  shell  represents  a  stratum  of  coal, 
and  the  partitions  of  clay  the  earthy  strata 
by  which  they  are  separated.  The  outer 
sheltlrepresents  the  lowest  bed  of  coal,  which 
may  be  many  miles  in  extent.  Now  if  a 
mtich  larger  shell  be  filled  with  sand,  and  the 
lowest  shell  be  presssd  into  it,  we  may  con* 


*  I  have  given  a  short  account  of  this  coal  field  in  the 
•ecoud  volume  of  the  Transactions  of  theGeoiogical  Society. 

sider 
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vider  the  large  shell  to  represent  lime-stone, 
and  the  sand  grit-^stone;  we  shall  then  have 
a  model  of  the  coal  strata  in  many  parts  of 
England,  and  their  situation  over  the  metal- 
liferous lime,  with  the  beds  of  sand-stone  by 
which  they  are  separated  from  it. 
-  From  the  inclination  or  bending  of  coal 
strata,  they  always  rise  near  to  the  surface 
in  some  parts  of  their  course,  and  would  be 
visible  if  not  covered  by  soil  or  gravel.  In 
the  intersections  formed  by  rivulets,  or  by 
aecidental  fractures  on  the  sides  of  hUls  in  a 
district,  the  nature  of  the  strata  may  often 
be  determined,  and  should  be  ascertained 
before  any  expense  be  incurred  in  boring  or 
sinking  for  coal.  When  this  is  done,  a  pro- 
per station  should  be  chosen ;  which  requires 
great  judgement :  otherwise  it  is  possible  to 
bore  or  sink  to  great  depths,  and  miss  a  becl 
of  coal  which  exists  very  near  the  place : 
this  will  be  evident  from  the  inspection  of 
the  two  stations,  a  and  b^  plate  II.  fig.  2:  in 
the  latter  it  would  be  impossible  to  meet  with 
the  bed  of  coal,  C,  because  the  search  is 
made  beyond  the  line  where  it  rises  to  the 
surface,  or,  in  the  miner's  language,  crops 
out.    At  a  poal  would  be  found  softer  sinking 

only 
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odIj  a  few  yards.  In  most  situations  it.  m 
better  to  search  for  coal,  as  deep  as  can  be 
done  without  expensive  machinery,  by  sink*;^ 
ing  a  well  in  preference  to  boring.  By  sink« 
ing,  a  decisive  knowledge  of  the  nature  and 
thickness  of  the  strata  can  be  ascertained  as 
far  as  you .  descend,  which  can  only  be  im- 
perfectly known  by  boring:  for  the  latter 
mode  is  liable  to  great  uncertainty  of  result, 
from  bendings  or  slips  of  the  strata.  If,  for 
instance,  the  borer  be  worked  in  the  situa- 
tioQ  a  J  plate  II.  fig.  2.  it  will  pass  through 
a  great  depth  of  coal,  which  in  reality  may 
Bot.be  more  than  a  few  inches  in  thickness. 
Besides  the  uncertainty  of  the  results,  the 
grossest  impositions  are  sometimes  practised 
to  answer  interested  purposes,  and  induce 
proprietors  to  continue  the  search  where 
there  is  no  reasonable  probability  of  success* 
Wliere  coal  strata  eome  to  the  surface,  they 
are  generally  in  a  soft  decomposed  state,  and 
intermixt  with  earthy  matter..  They  fre- 
quently present  no  appearance  of  coal,  but 
the  soil  may  be  observed  of  a  darker  colour. 
The  real  quality  of  the  coal  cannot  be  ascer- 
tained, until  it  is  found  below  in  its  natural 
undecomposed  state,  lying  between  two  re- 
gular 
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gular  strata  of  stone^  or  imdumted  clay.  lo 
general  it  b  observed  that  die  same  bed  im* 
proves  in  quality,  as  it  sinks  deeper  into  the 
earth.  Coal  strata  are  generallj  split  or  divi* 
Atble  into  rhomboidal  blocks,  bj  vertical 
joints,  ix^hich  range  about  £•  S.  £•  and  W« 
N.  W. :  these  are  called  slines ;  the  oblique 
shorter  joints  are  called  cutters. 

From  Mrhat  will  be  stated  in  die  subse« 
quent  chapters,  it  will  appear  that  there  is 
more  than  one  third  of  Elngland,  in  which 
an  search  for  valuable  coal  is  useless :  the 
knowledge  of  a  negative  hct  becomes  im* 
portant  when  it  saves  us  from  loss  of  time^ 
expense,  and  disappointment. 

Coal  strata  are  frequendy  accompanied  by 
thin  strata  of  iron^-stone.  This  stone  has  a 
dark  brown  or  gray  colour,  and  is  aboot 
three  times  heavier  than  an  equal  bulk  of 
,.ater.  Some  kinds  have  a  specific  gnmtjr 
of  3.6.  Though  modern  mineralogists  qsU 
this  mineral^  clay-iron*stone,  after  Wenwv 
fVom  its  resemblance  to  argillaceous  stones, 
on  analysis  it  is  found  to  contain  but  a  very 
minute  portion  of  alumine  or  pure  clay^ 
sometimes  not  more  than  two  per  cent.  It  is 
principally  composed  of  iron  combined  with 

oxygen 


and  water,  and  a  small  quantity  of 
M)ex,  and  ia  some  iniituncesuiih  calcareous,, 
eartli.  If  it  be  of  a  good  quality,  it  yield» 
more  than  30  per  cent,  of  iron.  In  some 
of  the  beds  of  clay  over  coal  detached  no* 
dales  of  iron-stone  occur,  which  are 
smelted  for  iron. 

The  vast  extent  and  importance  of 
iroo-works  are  well  known,  but  their  esta* 
blishment  is  of  recent  date.  Formerly  oui 
furnaces  were  on  a  diminutive  scale,  and 
wood  or  charcoal  was  the  only  fuel  employed; 
but  in  the  present  cultivated  state  of  thd 
country,  Mood  could  not  be  procured  in  re^ 
qaisite  quantity.  The  application  of  coal  op 
coke  to  the  smelling  of  iron  is  among  the. 
most  utrcful  of  modem  improvements:  but 
it  is  only  some  kinds  of  coal  that  are  proper 
for  the  purpose.  Inattention  to  this  circum-i 
stance  has  frequently  led  landed  proprietor* 
to  gr«it  unprofitable  expense.  Finding  iron* 
stone  and  coal  in  abundance-  upon  their 
estates,  they  have  constructed  furnaces  and" 
other  works  at  a  considerable  cost,  and  have 
discovered  too  late  that  the  coal,  howevec^ 
suitable  for  domestic  or  other  uses,  was  unfit| 
to  make  iron  of  a  marketable  quaUty.  To 
make 
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make  good  iroil  from  the  best  iron-stone,  it  is 
necessary  that  the  coal  should  be  as  free  as 
possible  from  every  substance  with  which 
sulphur  is  combined.  It  should  possess  the 
property  of  forming  a  hard  coke  or  cinder; 
and  if  it  have  the  quality  of  cementing  or 
caking,  it  is  the  more  valuable,  as  the  small 
coal  can  be  used  for  the  purpose  of  coking, 
^hich  is  frequently  wasted  where  it  does  not 
possess  this  quality. 

Where  beds  of  coal  are  covered  with  basalt, 
some  geologists  consider  them  as  belonging 
to.  A  distinct  formation,  which  the  Grermans 
call  the  Jlxtz  trap  formation.  There  does 
not  appear  any  sufficient  reason  for  the  di- 
stinction,  Mr.  Jameson  has  mentioned  the 
islands  of  Mull,  Iceland,  and  Sicily,  as  af* 
fording  instances  of  this  coal:  he  says  it 
'^  occurs  in  great  abundance  in  Iceland,  and 
probably  affords  materials  for  the  support  of 
the  volcanoes  that  exist  in  that  country/'  So 
far  from  this  being  the  fact,  the  inhabitants 
of  Iceland  are  destitute  of  fuel,  and  obliged 
to  use  the  dried  bones  of  fish ;  nor  is  there 
more  reason  to  believe  that  beds  of  coal  have 
supplied  the  fires  of  i^tna  with  fuel  for  three 
thousand  years,  as  Mr.  Jameson  supposes. 

Carbonaceous 
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Carbonaceous  matter  exists  in  small  quan- 
tities' in  some  primary  and  transition  moun- 
tuna»  A  particular  kind  of  hard  shining  coal, 
that  bums  without  flame  or  smoke,  to  whicfh 
mineralogists  give  the  name  of  anthracite,  is 
sometimes  found  in  these  mountains.  This 
kind  of  coal  appears  to  graduate  into  the  sub- 
stance called  plumbago,  black  lead,  or  gra- 
phite, which  consists  of  carbon  united  with 
a  small  portion  of  clay  and  iron.  Common 
coal  is  also  observed  in  some  situations  to 
giaduate  into  plumbago,  but  of  a  less  adhe- 
nve  kind  than  that  found  in  transition  moun- 
tains*. Plumbago,  anthracite,  and  many 
kinds  of  hard  coal,  are  so  completely  minera- 
lized as. to  present  no  appearance  of  their 
vegetable  origin ;  but  in  common  coal,  and 
in  wood  coal,  the  existence  of  vegetable  re- 
mains is  frequently  perceptible,  and  the  strata 
over  coal  abound  with  impressions  of  ferns 
and  larger  plants.  It  is  now  generally  admit- 
ted that  common  coal  was  derived  from  the 
partial  decomposition  of  vegetable  matter: 
many  circumstances  favour  this  opinion ;  but 

*  Plumbago  is  frequently  produced  in  our  iron  furnaces^ 
forming  a  thin  incrustation  over  iron,  where  it  has  been 
m  contact  vrith  coal  during  fusion. 

o  from 
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froro  ivhence  did  the  vegetable  tribes  ori^« 
nally  derive  the  carbon  of  which  their  solid 
parts  are  principally  composed?  Carbon  either 
previously  existed  in  nature,  or  trees  And 
plants  bad  the  power  of  forming  it  from  more 
simple  elements^  Neither  of  these  opinions 
is  improbable,  nor  are  they  at  variance  with 
each  other.  If  carbon  be  a  compound  sub- 
stance, of  which  hydrogen  is  a  constituent 
part,  it  may  be  formed  by  the  process  of  ve* 
getation,  or  it  may  exist  also  in  the  mineral 
kingdom,  independent  of  organic  produc*^ 
tions.  Carbon  united  with  oxygen  forms 
carbonic  acid,  a  constituent  part  of  all  lime* 
stone  mountains.  Bituminous  matter  which 
contains  carbon  exudes,  according  to  Dolo* 
mieu,  from  recently  erupted  lava.  Bitumen 
was  observed  by  Denon  coating  the  stones 
in  the  Gulf  of  Messina,  which  became  hard, 
and  formed  a  solid  incrustation.  This  phse* 
nomenon  was  probably  connected  with  the 
volcanic  fires  of  ^tna.  The  pitch  lake  of 
Trinidad,  the  asphaltum  of  the  Dead  Sea^ 
and  the  naphtha  of  Persia  and  other  parts 
of  Asia,  may  have  a  similar  connection  with 
subterranean  fire,  as  volcanoes  or  volcanic 
products  exist  in  countries  where  they  occur. 

Morier 
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there  are  many  volcanoes  in  Per- 
oa  which  only  emit  smoke  and  niephitic  va- 
pour.— (Travels  in  iVrs/a.) 

Though  the  carbon  in  primary  mountains  ^ 
may  be  derived  from  the  mineral  kingdom,  \ 
there  can  scarcely  remain  a  doubt  that  wooi  ' 
coaJ  and  common  coal  are  of  vegetable  ori- 
gin.   Wood  coal  or  brown  coal  is  found  in 
low    situations,    and  appears   to  have    beea 
formed  of  heaps  of  trees    buried    by  inun* 
dations  under  beds  of  clay,  sand,  or  graveL  , 
The  woody  parts  have  probably  undergone 
a  certain  degree  of  vegetable  fermentation,  , 
under  the  pressure  of  the  incumbent  earthy 
matter  by  which"  they  have  been  curbonized 
and    consolidated.      In   some   specimens  <^ 
this  coul,  the  vegetable  fibre  or  grain  is  per*-  I 
ceptihle    in   one  part,  and  the  other   is  re^  I 
duced  to  mineral  coal.     The  vegetable  prin- 
ciples which  this  coal  contains,  united  with 
bitumen  and   charcoal,  have   been    already 
stated.     In  black  or  common  mal,  the  ve- 
getable extract  and  resin  are  destroyed,  and.  I 
the    charcoal   and    bitumen   alone    remain;,] 
but  wood  coal  and    couimou  ival   bear 
other  respects  too   close  a  resemblance   to 
allow  us  to  ascribe  to  them  a  ditre;rent  origin*^  I 
0  2  though 
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though  they  were  probably  formed  from  dif- 
ferent tribes  in  the  vegetable  kingdom,  and 
under  different  circumstances. 

The  recent  experiments  of  Dr.  MacCul- 
loch  go  far  to  prove  that  the  bituminizatian 
J*f  wood  may  be  effected  by  water*.  The 
further  conversion  of  bituminized  wood  into 
true  coal  may  possibly  be  the  effect  of  con- 
solidation produced  by  the  agency  of  fire. 

Wood  coal  is  found  in  considerable  quan- 
tities at  Bovey  Heathfield,  near  Exeter.  Se* 
veral  beds  of  coal  are  separated  by  strata  of 
clay  and  gravel ;  the  lowest  is  seventeen  feet 
thick,  and  rests  on  a  bed  of  clay,  under  which 
is  sand  resembling  sea  sand.  The  coal  in 
contact  with  the  clay  has  a  brown  colour, 
tind  appears  intermix  t  with  earth.  In  other 
parts  the  laminse  of  the  coal  undulate,  and 
resemble  the  roots  of  trees  ;  in  the  middle  of 
the  lowest  stratum  the  coal  is  more  compact, 
and  is  of  a  black  colour,  and  nearly  as  heavy 
us  common  coaL  It  is  supposed  that  the 
species  of  wood  of  which  Bovey  coal  <i^as 
formed,  is  fir,  as  stumps  of  large  fir  trees, 
fixt  by  their  roots  in  the  ground,  may  be  ob- 


*  Transactions  of  the  Geological  Society,  vol.  ii. 

served 


Bfved  in  the  vicinity.    These  trees  were  pro- 
bably deposited   by  successive  inundations, 
when  the  higher  parts  of  the  country  were  co-  I 
vered  with  primreval  forests  and  peat  moors; 

A  great  repository  of  this  kind  of  coal  ' 
exists  near  Cologne :  it  extends  for  martjr  I 
leagues:  it  is  fifty  feet  in  thickness,  and  ca*^l 
rered  with  a  bed  of  gravel  from  twelve 
twenty  feet  deep.  Trunks  of  trees  deprived  I 
of  their  branches  are  imbedded  in  this  coal; 
which  proves  that  they  have  been  transported] 
Irom  a  distance.  Nuts, which  are  indigenoas] 
to  Hindoetan  and  Chinii,  and  a  fragrant  re— j 
sinous  substance,  are  also  foimd  in  it.  A  si-  1 
milar  resinous  substance  occurs  in  the  Bovey.J 
coal,  and  was  discovered  with  fossil  wood  in  j 
cuttingthroiighHlghgatebill.  Mr.  Hatchettj^ 
by  whom  it  %vas  analysed,  has  given  it  ihft] 
name  of  retinasphaltum. 

In  wood  coal  we  may  almost  seize  nature  in  I 
the  fact  of  making  coal  before  the  process  is'  i 
completed.     In  some  peat  moors  the  lower 
I  beds  are  compact,  and  approacli   nearly  to'i 

)  nature  of  coal ;  and  it  is  said  that  peat 

8  been  discovered  passing  into  mineral  coal. 
e  formations  of  coal  are  probably  of  mora  J 
t  date  than  common  coaU  though  their 
origin 
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origin  must  be  referred  to  a  former  cbftdition 
of  the  globe,  or  to  some  grand  catastrophe 
which  has  brought  to  northern  latitudes  the 
vegetable  productions  of  tropical  climated. 

Granting  the  vegetable  origin  of  coaU  we 
«hall  have  no  difficulty  in  accounting  fikr  m 
^rccumulation  of  carbon  sufficient  fon%s  ibr- 
raation  in  every  district  where  coal  kms  been 
discovered.  In  the  early  ages  of  the  worid^ 
the  greater  part  of  its  snr&ce  was  a  dreaty 
solitude  covered  by  vatt  forests,  and  by 
marshes  and  peat  moors,  which  were  con^ 
4Stantly  accdmutatini?  veiretable  m^kttier.  Hite 
might  be  «^«l  a^y  by  great  im.»d.tio«. 
and  deposited  in  hollows  which  formed  l»m«* 
pofary  lakes :  as  these  became  dry,  the  vege* 
table  matter  which  floated  on  the  surfaced 
the  water  would  be  lefl  on  the  grousnd.  Be^ 
fore  fresh  vegetable  matter  was  formed,  sob^ 
aequent  inundations  might  cover  the  forftier 
deposition  with  beds  of  sand  or  clay.  OtiKt 
depositions  of  vegetable  and  earthy  inatter 
might  follow  in  succession,  and  fill  up  tiie 
hollow  which  formed  the  temporary  laioe. 

It  is  a  curious  fact  in  the  natural  hi^teiy 
of  the  eardi,  that  regular  coal  strata  a^ieiEar 
to  be  (nincipalty  if  not  exchsively  ^xxbfiiied 

to 


the  colder  or  more  temperate  regions  of 

globe   between  ihe  latitudes  of  35  and 

This  would  seem  to  indicate  that  the 

icuiar  vegetables  from   whicii  coal   was 

'med  could  not  Nourish  in  hot  and  dry  cH- 

ites. 

greatest  difiiculty  respecting  the  origin 

id  formation  of  coal  strata  is  tlie  regularity 
with  which  they  are  arranged,  and  the  fre- 
quent succession  of  thin  strata  or  luminx  of 
eoal  in  ihe  same  coal  field.  These  are  too  thin 
and  too  regularly  arranged  to  be  formed  by 
large  vegetable6,eJicept  in  a  state  of  perfect  de- 
composition. Tliey  may  have  originated  from 
small  aquatic  plants  or  mosses  growing  in  the 
place  after  each  inundation  ;  and  the  occur- 
rence of  the  same  pecuhar  kind  of  fire  clay* 
under  each  bed  of  coal,  may  favour  the  opi- 
nion that  this  was  the  soil  proper  for  the  pro- 
duction of  those  vegetables  from  which  coal 
was  subsequently  formed.  In  most  coal  fields 
there  are  thin  strata  of  coal-smut  or  carbo- 
naceous and  other  particles  intermixt,  which 

im  also  to  favour  the  opinion  of  the  form^ 

iD  of  coal  strata  by  successive  inun<iutions: 

This  day  ia  more  or  1dm  indurated,  but  it  atill  wUdni 
quoltt)'  «f  resisting  the  action  of  firv. 

—the 
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— the  subsequent  consolidation  of  the  coal 
may  be  less  difficult  to  conceive. 

By  vegetable  fermentation  and  compres* 
sion,  and  by  the  evolution  of  heat  from  both 
these  causes,  the  various  strata  may  have  con- 
solidated. And  if,  with  the  Piutonists,  we 
admit  the  action  of  central  subterranean  fire, 
it  may  also  have  contributed  to  the  more  conw 
plete  destruction  of  vegetable  organization. 

Pressure  and  time  alone  may  be  sufficient 
to  produce  these  effects  partially,  as  is  proved- 
by  the  complete  consolidation  of  loose  mate<- 
rials  left  in  coal  mines  when  the  supports  are 
removed  and  the  upper  strata  sink  down.  In 
a  few  years  scarcely  a  trace  of  former  ope^ 
rations  remains.  In  contemplating  natural 
causes,  we  are  too  apt  to  measure  their  power 
by  the  results  of  artificial  processes,  and  by 
observations  continued  for  a  short  portion  of 
human  life.  The  substances  found  in  the 
neglected  vessels  of  the  chemist  often  prove 
to  us  that  changes  in  the  physical  properties 
of  bodies  are  effected  by  time,  which  it  would 
be  difficult  to  imitate  in  common  experi- 
ments*. Many 

*  The  effects  of  compression  are  exemplified  in  France 
by  a  mode  of  making  building  stone  from  loose  materiab 

or 
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Many  beds  of  shale  in  the  coal  strata 
abound  with  pyrites  as  well  as  with  carbona^ 
ceous  and  bituminous  matter.  By  exposure 
to  air  and  moisture  the  pyrites  is  decomposed, 
and  the  sulphuric  acid  uniting  with  the  alu* 
mine,  forms  the  well  known  salt  called  alum; 
which  is  seen  efflorescing  in  some  coal  mines, 
and  might  be  formed  in  others  were  it  thought 
desirable,  and  due  precautions  were  used^ 
Aluminous  schistus  or  alum*-slate  resembles 
some  varieties  of  coal  shale.  The  enormous 
bed  of  this  rock  in  the  North  Riding  of 
Yorkshire  is  evidently  part  of  a  series  of  coal 
strata,  being  covered  with  sand«-stone,  coal^ 
and  iron-stone.  The  external  characters  of 
the  stone  are  precisely  similar  to  those  of 
some  of  the  coal  shales  in  the  West  Riding; 
but  it  contains  different  organic  remains,  and 
I  am  inclined  to  consider  it  as  a  distinct  fov^ 
mation.  The  alum  slate  of  Yorkshire  has  a 
very  dark  gray  colour,  a  slaty  structure,  and 

nibbish  moderately  moistened,  and  put  into  a  case  or  mould. 
By  two  or  three  strokes  with  a  stamping-engine,  the  partu 
are  made  to  cohere  so  firmly,  that  the  rubbish  is  converted 
^nto  a  hard  stone,  and  b  made  use  of  in  the  construction 
of  large  hmldings.'^Birkbeek's  Tour  thnugh  France^ 

rather 


rather  a  «ilky  lustre;  it  splits  by  exposure 
to  the  £ur  into  very  thin  laminae.  It  vanes 
in  hardness;  but  all  the  specimens  which  I 
have  examined  ere  softer  than  roof-slate. 
Having  recently  vi^led  that  district,  a  further 
account  c^  this  rock  will  be  given  in  the 
chapter  on  the  Geology  of  England.  The 
paarticalar  advantage  which  the  country  near 
Whitby  in  Yorkshire  presents  for  the  oianu* 
ibbture  of  alum  is  derived  from  the  aliiia 
rock  rising  in  precipitous  clifisi,  which  aflSird 
l&cilities  for  working  and  burning  the  stone. 
Though  many  of  the  coal  shales  might  yield 
an  equal  quantity  of  alum,  the  difficulty 
of  laising  tbem  to  the  surface  would  uf, 
most  situations  be  too  great  to  repay  the 
expense.  The  alum-stone  is  piled  in  va^ 
heaps,  and  set  fire  to;  a  slow  combustdoD 
is  continued  for  several  mondis  by  the  in- 
flammable matter  combined  with  the  ston^ 
The  saline  contents  are  extracted  by  solu- 
tion, 4i  smaU  quantity  of  potash  is  added, 
and  the  salts  are  crystallized  by  evaporap* 
tion. 

In  the  coal  mine  at  Hurlett,  near  CHasgowp 
a  formation  of  alum  is  taking  place  by  th^ 

natural 


wtDiml  4«0Dmpt>^6oiti  of  a  bed  of  pyritmis 
tMb  thtit  forms  the  roof  of  the  coal  *  ^^  Hie 
tcttl^  "With  th«  superincombent  roof^  dip&  jtnt 
enbiigh  to  afibrd  a  free  passage  for  tb^  water, 
and  the  n»ne  is  woiioed  (contrary  to  the  tisml 
practice)  from  the  rise  to  the  dip^  hence  all 
the  workings  are  necessarily  kept  perfectly 
dry.  For  three  centuries  has  this  colliery 
been  in  work,  and  it  now  presents  an  excava-  . 
lioD,  the  area  of  which  is  nearly  a  mile  square, 
with  pillars  of  coal  at  the  usual  intervals,  in 
order  to  support  the  overlying  beds,  the 
thickness  of  which  is  on  an  average  about 
thirty  fathoms.  The  air  circulates  slowly 
through  the  whole  of  this  space  by  means  of 
such  of  the  old  shafts  as  still  remain  open ; 
and  in  consequence  a  slow  decomposition  of 
the  roof  is  perpetually  going  on.  This  pro- 
cess, however,  is  so  gradual,  that  in  no  part 
has  the  slate  been  hitherto  removed.  The 
first  action  of  the  air  is  to  cause  a  thin  flake 
to  come  off  from  the  roof:  and  fall  upon  the 
dry  floor ;  in  tliis  last  situation  the  decompo- 
sition makes  further  progress,  and  by  degrees 
assumes  the  appearance  of  a  light  spicular  ef- 
florescence.    Succeeding  flakes  go  through  a 

similar 
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process,  and  in  time  the  whole  space, 
up  to  the  very  roof  itself,  is  completely  filled: 
the  current  of  air  being  then  obstructed,  all 
further  decomposition  of  course  ceases  till 
the  effloresced  portion  is  removed/^ — Phil. 
Jaumaly  vol.  rou 
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CHAPTER  IX. 

ON  THE  UPPER  SECONDARY  ROCKS,  AV4} 
THfi  STRATA  CONTAINING  THE  RE- 
MAINS OP  RIVER  FISH  AND  QUADRU- 
PEDS. 

Depth  of  Secondary  Strata  lying  between  the  Sur- 
face  and  Primary  Rocks. — Magnesian  Lime- 
ttone. — Singular  Contortions  and  Configurations 
of  this  Rock. — Roe-stone. — Formation  qftheim* 
bedded  Globules. — Chalk  Rocks  and  Flint. — Beds 
of  Gypsum :  Opinion  respecting  their  Forma- 
tiofi. — Gypsum  of  Derbyshire  and  Nottingham- 
shire.— Bones  of  Quadrupeds  and  Shells  of  Ri- 
ver Fish  in  Strata  over  Chalk. — Alternation  of 
Strata  near  Paris ^  containing  marine  and  fresh- 
u^ater  Shells. — Geological  Inferences. — Fresh- 
xcater  Lakes  of  Ameinca  and  Anciait  Europe. 

JL  H  £  secondary  rocks,  which  form  the  sub- 
ject of  the  present  chapter,  are  the  last  in  the 
series  descending  from  primary  mountains  to 
the  sea  coast.  Primary  and  transition  rocks 
may  be  supposed  to  He  buried  deep  under 
them  in  flat  countries.  It  would  be  a  curious 
subject  of  investigation  to  determine  the  real 
cJppth  to  which  it  might  be  necessary  to  sink 

111 
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in  such  countries^  in  order  to  arrive  at  pri«« 
mary  rocks.  Though  it  i$  impossible  with 
our  present  means  to  penetrate  so  far  into  the 
earthy  yet^  by  a  knowledge  of  its  structare^ 
we  may  sometimes  determine  the  depth  of 
diflerent  rocks  withoat  breaking  the  ground* 
If  we  suppose  plate  I.  fig.  1,  to  represent  the 
section  of  a  country  over  which  we  are  to 
travel  from  the  secondary  rocks  at  6  to  the 
granitic  mountain  a,  by  observing  where  the 
rocks  5j  4,  3,  and  2  make  their  appearance 
from  under  each  other,  and  noticing  their 
breadth  and  angle  of  elevation,  we  may  as- 
certain the  thickness  of  each  rock,  and  the 
depth  of  the  granite  from  any  part  of  tha 
surface.  This,  however,  can  only  be  done  in 
situations  where  the  continuity  of  the  rocks 
and  strata  is  not  broken  by  what  miners  call 
faults  or  dykes,  which  throw  them  out  of 
their  regular  position.  A  representation  of 
the  succession  of  rocks,  as  they  rise  to  the 
surface,  through  the  counties  of  Northum- 
berland and  Durham,  is  given  plate  VIL 
fig.  1,  and  a  section  of  the  strata  nearly  four- 
teen hundred  yards  in  depth. 

In  the  succession  of  upper  secondary  rocks 
in  different  countries  there  is  great  diversity, 

but 
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bat  they  agree  in  being  generally  more 
earthy  and  soft  than  the  lower  secondary 
rocks.  They  consist  principally  of  coarse  . 
sand-3tone3,  earthy  lime-stone,  calcareous 
sand-stone,  and  chalk,  and  are  particularly 
distinguislied  by  the  variety  of  organic  re- 
mains which  they  contain. 

Stratified  lime-stone  and  calcareous  sand-  ■ 
stones   separate  coal  districts  from  chalk  on 
the  south-eastern  side  of  the  island.     They  > 
extend  from  Dorchester  to  Northamptonshire,  • 
and  on  the  eastern   side    of  Leicestershire,  . 
Nothnghamshire,  Yorkshire,  into  part  of  Dur-  • 
ham  and  Northumberland.    Tlie  earthy  lime-  • 
stone  in  this  range  is  frequenilv  of  a  yellow  ' 
colour,  and  some  of  the  beds  contain  mora 
than  40  per  cent,  of  the  carbonate  of  mag-- 
nesia.     Few  organic   remains   occur  in   the 
D^Bgnesian    lime-stone  ;    it   is  generally   di- 
P^P^ctly  stratified,  and  the  strata  are  nearly 
nftftuontal,  but  may  be  perceived  to  dip  to  ibe 
east.      In  sume  situations  at  a  distance  from 
this  range,  hills  of  magnesiau  limeoL-cur,  tho 
beds  ol  M'hieh  are  elevated   and    singularly 
contorted,   and    the  stratification   indistinct. 
Some  beds  of  the  magnesian  lime-stone  are 
worked  for  building-stone,  which  is  very  du- 
rable. 
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rable,  and  resists  the  action  of  acids  and  the 
decomposing  efiects  of  atmospheric  infiaetiee 
better  than  any  other  calcareous  stone.  .York 
minster  and  the  walls  of  that  city  are  buik 
of  this  stone.  In : the  county  of^Durham^ 
near  Sunderland,  the  magnesian .  lime^stone 
frequently  presents  the  most  singular  oon£^ 
gurations ;  it  also  yields  a  foetid  smell  when 
struck  with  a  hammer,  being  of  that  variety 
called  by  mineralogists  swine*stone.  See  the 
X:hapter  on  the  Geolo^  of  England. ; 
.  It  IS  erroneously  supposed  that  magne«an 
lime  is  injurious  to  land,  and  unsuitable  for 
agricultural  purposes;  the &ict is,  that  asmall 
quantity  will  produce  a  more  powerful  efiect 
than  a  greater  quantity  of  common  lime. 
.  Various  beds  of  calcareous  sand-stone,  marie, 
sand,  and  roe-stone  occur  between  the  above 
lime-stone  and  chalk.  The  most  importaat 
of  these  is  the  oolite  or  roe-stone,  a  specie,  of 
lime-stone  which  derives  its  name  from  small 
globules  imbedded  in  it,  supposed  to  resemfoLa 
the  roes  of  fishes.  Portland-stone  and  the 
ketton-stone  in  Northamptonshire  are.varie* 
ties  of  roe-stone ;  the  former  is  procured  at 
the  isle  of  Portland,  and  extensively  used  for 
public  edifices  in  the  metropolis.     It  consists 

of 
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of  lime  and  n  small  portion  ol"  silex,  clay, 
aod  the  oxyd  of  iron.  Portland -stone  ex- 
tends as  far  north  as  Hackness,  north  of 
Scarborough,  in  Yorkshire. 

Portia ud-a tone  contains  shells  and  other 
organic  remains,  but  the  small  globules  by_ 
which  it  i'i  distinguished  are  the  result  of  crj^l 
ttallizauon.  ]  think  this  is  demonstrated  hf\ 
an  analogous  Ibrmalion  in  beds  of  cakareouf  j 
ssnd  or  marlc,  which  occur  in  the  magnesiatt  I 
lime-stone  near  Sunderland.  These  beds  1 
contain  numerous  balls,  varying  in  size  froinj 
a  small  pea  to  eight  or  nine  inches  in  d 
meter.  These  balls  have  a  crystaUine 
diated  structure:  lo  many  mstances  the  pro*!  j 
cess  of  their  enlargement  has  been  cherkedj 
bv  meeting  with  other  balls,  wliich  has  pn 
vented  their  extension  in  that  direction,  and  J 
two  or  more  balls  have  united,  representing  J 
spheres  with  segments  cut  otf,  and  joined  at  ] 
the  place  of  section.  Had  the  base  of  the  [ 
Portland- stone  remained  soft  like  the  calc»*  J 
reous  marie  at  Sunderland,  in  all  probabiUfey  J 
the  globules  would  have  enlarged  by  a  similar 
process. 

The  beds  of  sand  and  sand-stone  with  clay,  , 
which  ^ieparate  the  oolite  from  chalk,  extend  I 
V  widi 
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with  a  cimsidembie  degree  of  regakrity  over 
the  south-eastern  side  of  England,  but  vary* 
ing  in  their  thickness.  It  has  been  observed 
that  different  organic  remains  belong  ahnost 
exclusively  to  particular  strata,  and  the  same 
kind  are  found  in  the  same  stratum  through«- 
^t  its  whole  extent,  as  far  as  has  been  traced. 
In  this  midland  and  northern  counties  less  re^ 
gularity  can  be  distinguished,  and  many  of 
the  strata  are  entirely  missing  which  occur  in 
the  south. 

Chalk  is  a  soft  white  calcareous  stone,  too 
well  known  to  need  a  particular  description^ 
It  has  been  observed  that  chalk  occupies  si* 
tuations  near  the  sea,  and  has  a  low  compa* 
rative  elevation.  Chalk  is  common  in  .the 
south-eastern  parH  of  England,  and  in  the 
lower  districts  of  Europe  at  no  great  distance 
frpta  the  Baltic  and  the  German  ocean ;  but 
I  believe  no  calcareous  stone  exactly  similar 
is  found  in  the  south  of  Europe,  or  in  Asia  or 
Africa,  though  some  earthy  lime-stones  have 
fooen  called  chalk  by  travellers.  Neither  chalk 
nor  roe^'Stotie  was  discovered  by  Humboldt  in 
South  America,  nor  have  they  been  observed 
in  any  part  of  the  United  States. 

The  chalk  hills  of  England  spread  throcu^h 

many 


many  of  the  eastern  counties  from  Dorset- 
shire to  the  hills  called  the  Wolds  in  the 
East  Riding  of  Yorkshire.  The  upper  or  soft 
chalk  containing  flint  is  from  four  hundred 
to  six  hundred  feet  in  thickness;  in  many 
parts  of  its  course  it  lies  in  thick  beds  in* 
distinctly  stratified.  Nodules  of  flint  are  ar- 
ranged  in  chalk  in  parallel  layers  at  difierent- 
depths  under  each  other. 

Tlint  is  a  well  known  substance^  composed 
almost  entirely  of  siliceous  earth.  The  curi^ 
osity  of  geologists  has  been  excited  to  dis- 
cover in  what  manner  nodules  of  this  sub- 
stance came  into  the  midst  of  calcareous 
roeks.  In  Derbyshire  the  upper  beds  of 
compact  lime-stone  are  divided  by  seams  of 
ttliceous  earth,  called  chert,  which  nearly  re- 
sembles flint. 

It  is  not  improbable  that  siliceous  earth 
may  have  permeated  the  lime,  and  been  af- 
terwards separated  by  chemical  aflinity,  and 
collected  in  fissures  and  cavities  of  the  calca- 
reous rock.  The  passage  of  one  mineral  sub- 
stance through  another,  even  in  a  solid  state, 
appears  to  be  confirmed  by  numerous  analo- 
gous facts,  however  diflScult  it  may  be  to  eiL<* 
phun.     An  experiment  of  Peltier  may  throw 

p  ^l  some 
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some  light  on  the  subject;  he  mixed  a  solu- 
tion of  alum  with  clay,  and  formed  the  whole 
into  a  paste.  The  mass  wa3  broken  when 
perfectly  dry,  and  the  alum  was  observed 
collected  into  detached  crystals  in  different 
p^rts  of  the  clay,  being  separated  by  the 
power  of  chemical  affinity  and  crystalline  ar- 
rangement, which  the  tenacity  of  the  clay 
could  not  destroy. 

It  is  the  opinion  of  some  geologists,  thiit 
siliceous  earth  is  derived  from  the  flesh  of 
those  animals  whose  shells  have  formed  cal- 
careous rocks.  Mr.  Parkinson,  who  has  be- 
stowed much  attention  on  this  subject,  states 
as  an  objection,  that  ^^  there  does  not  appear 
to  be  a  single  instance  in  which  the  animal 
remains  are  impregnated  with  silex.  On  the 
contrary,  the  substance  of  all  these  fossils 
has  become  calcareous  spar,  and  their  cavi- 
ties have  been  filled  with  flint;  thus  plainly 
evincing  that  sufficient  time  must  have  elapsed 
for  the  crystallization  of  the  c^careous  spar, 
previously  to  the  infiltration  of  the  flint.  In 
no  instance  does  the  flint,  although  in  con- 
tact with  the  spar,  appear  to.  become  mixt 
with  it.  The  reverse  of  this  is  the  case  with 
the  chalk,  since  the  latter  may  be  seen  in  al- 
most 


tet  evury  degree  of  union  with  the  flint,  from 
iig  blended  with  the  substance,  to  being 
■ited  with  its  surface,  and  forming  the  white 
of  flint."     I  cannot  think  these  facta 
plitute  against  the  opinion  that   hme   and 
Bt  are  convertible  into  each  other  by  nutu- 
I  processes.     When  substances  crystallize, 
Be  different  constituent  parts  are  always  dis- 
posed   to  separate,   and    present   each    sub- 
^^^tance  in  its  simplest  state:    hence  we  might 
^^Hfcpect  that  calcareous  crystals  or  spar  would 
^^Be  free  from  any  admixture  of  flint,  as  they 
^^^pe  described  to    be  by  Mr.   Pttrkinson,     It 
^^^nrell  known  that  shells  of  echini,  which  once 
Were  calcareous,  are  found  entirely  composed 
of  fiint ;  and  it  is  the  common  belief  of  work- 
miners,  that  limp  and  flint  are  changed 
)  each  ollttT.  This  belief  has  been  treated 
kh  contempt :    but  before  we  hastily  reject 
opinioll^  of  praciical  men,  we  should  do 
Ifll  to  consider  whether  such  opinions  are  in 
position  to  facts,  or  are  only  ut  variance 
^th  existing  theories.     Until  wc  know  whe- 
er  the  metallic  bases  of  the  earths  be  sim- 
E  substances,  or  compounds  formed  of  more 
^elementary  principles,  it  wovild  be  premature 
to-  deny  the   possibility   of  their  conversion 
into 
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into   each  other  By  natural  processes  >%'ith 
ivhich  we  are  at  present  unacquainted. 

The  lower  beds  of  chalk  are  harder  and 
more  compact  than  the  upper,  and  contain 
neither  nodules  nor  layers  of  flint.  This  is 
considered  by  Mr.  Parkinson  as  a  distinct 
formation:  he  says^  }^  hardly  a  single  fossil 
has  been  found  in  it  which  has  been  met  with 
in  the  soft  chalk,  or  any  other  stratum 
The  lower  chalk  is  properly  an  earthy  lime- 
stone, and  is  sometimes  used  for  buildings 
stones. 

In  the  order  of  succession  proceeding  from 
the  lowest  primary  rocks  to  the  upper  secon- 
dary rocks,  the  two  beds  of  hard  and  soft 
chalk  have  been  considered  as  the  last  or 
uppermost  of  the  solid  rocks  or  strata.  Over 
the  chalk  occur  thick  beds  of  clay  and  sand 
in  various  situations,  and  also  partial  forma- 
tions of  strata,  which  appear  to  have  been 
deposited  at  the  bottom  of  extensive  lakes  of 
fresh  water:  they  will  be  subsequently  noticed. 

Beside  the  rocks  of  this  class  already  enu- 
merated, there  is  another  substance,  sulphate 
of  lime,  gypsum,  or  plaster  stone,  which, 
though  not  very  abundant,  is  met  with  in 
various  situations   among  secondary  rocks. 

It 
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It  was  stated  iti  a  preceding  chapter,  that 
gypsum  is  associated  with  rock-salt;  but  it 
is  also  found  where  neither  rock*salt  nor  salt 
springs  exist. 

Gyp^um^  or  sulphat  of  lime,  consists  of 
33  parts  lime  and  46  of  sulphuric  acid, 
combined  with  21  parts  of  water.  Wbep 
compact  it  is  called  alabaster^ ;  when  per- 
^tlj  crystallized,  selenite :  some  varieties  of 
gypsum  are  fibrous,  others  foliated.  It  has 
probably  been  formed  by  the  decomposition 
of  iron  pyrites,  which  supplied  the  sulphuric 
acid  that  afterwards  united  with  the  subja- 
cent lime.  As  a  confirmation  of  this,  it  may 
be  observed  that  the  marie  and  sand  over 
gypsum,  in  many  parts  of  England,  contain 
a  large  quantity  of  red  oxyd  of  iron.  Gyp- 
sum \»  distinguished  from  lime  by  its  softness : 
it  does  not  effervesce  with  any  acid,  being 
already  saturated  with  the  sulphuric.  Native 
sulphur  is  sometimes  found  intermixt  with 
gypsum :  in  these  cases,  probably,  the  sul- 
phuric acid  has  been  decomposed  by  the  pre- 
sence of  animal  or  vegetable  matter  during 
the  decomposition  of  pyrites. 


*  Calcareous  stalactite  is  sometimes  called  alabaster. 

Gypsum 
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Gypsum  has  been  occasionally  discovered 
in  primary  and  transition  mountains :  it  be- 
longs more  peculiarly  to  secondary  stratified 
rocks,  but  muy  be  formed  in  all  situations 
where  lime  and  sulpbuiic  acid  exist  near  to 
each  other*. 

Though  gypsum  rarely  contains  shells, 
bones  are  sometimes  found  in  it:  hence  it 
has  been  supposed  that  sulphuric  acid  de- 
stroyed the  traces  of  organization  in  the  for- 
mer, which  consist  of  lime  and  carbonic  acid» 
but  acted  with  less  force  on  bone3,  which 
contain  phosphoric  acid. 

The  beds  of  gypsum  at  Chellaston,  in  the 
south  of  Derbyshire,  are  situated  near  the 
vale  of  Trent,  in  hills  of  low  elevation,  which 

may  be  considered  as  forming  the  northern 

- 1       _ —- — — 

*  The  disciples  of  Werner  have  very  ingeniously  as- 
signed particular  stations  for  different  kinds  of  gypsum,, 
but  their  descriptions  are  singularly  confcised :  tbus^  Mr- 
Jameson  places  what  he  calls  the  first  (floetz)  gypsum  over. 
the  first  (floetz)  lime**stone,  and  the  second  floetz  gypsum 
over  the  second  sand-stone :  and  then  informs  us  that  die 
gypsum  of  Cheshire  belongs  to  the  latter^  though  it  is  as-^ 
sociated  with  rock-salt,  and  red  sand-atone,  Miicb  he 
before  states  lie  under  the  first  floetz  lime.  Of  the  gypsum 
of  Derbyshire  he  says,  '^  to  what  formation  it  bdongs  we 
•know  not,  as  no  well  educated  geognost  has  ever  com* 
municated  any  obscrvatioiis  rcspeeting  it«'' 

may 
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Ijoundar^-  of  tlie  vale.  The  gvpsum  beds  on 
ibe  other  side  of  the  vale  are  in  hills,  whicli 
form  the  southern  boundary  near  the  junction 
of  ihe  rivers  Soar  and  Trent.  The  gypsum 
is  covered  by  marie  and  gravel  containing 
nameroiis  orjranic  impressions,  among  wluch 
I  collected  belemnite'!,  gryphites,  joints  of 
the  pentacrinite,  bivalve  shells  which  ap- 
pear compressed,  and  one  specimen  of  a  nu-  ' 
iiiiililo.  The  principal  beds  are  of  con- 
sidemble  thickness;  tlie  stone  is  compact, 
and  uhere  it  h  not  discoloured  by  an  inter- 
mixture of  red  marie,  or  by  stripes  of  green- 
ish marie,  it  is  white  and  translucent.  Thin 
strata  of  beautiful  white  fibrous  gypsum  oc- 
cur in  marie,  at  Clifton,  on  the  south  side  of 
the  Trent,  near  Nottingham. 

The  geological  situation  of  the  Derbyshire 
gypsum  mny  be  represented  as  situated  in 
ihe  upper  secondary  strata,  separated  from  the 
mountain  hme  by  intervening  coal  districts 
on  one  side,  and  from  tlie  stratified  magnesian 
JlSit  by  sand-stone  on  the  other  side*. 


Adjscipleof  Wernpr  would  scarcely  hesitate  in  de- 
iliuting  tills  tlie  second  floetz  gypsum.  The  sand-stone 
wslof  Nottingham  has  many  characters  similar  to  those  of 
^ttGtiad*tUHl-»tune  fwmation  described  by  Mr.  Jajnc«oiu 

No 
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No  orgunic  remains  hava  heBn  discovered 
in  the  gypsum  of  Derbyshire  or  Nottingbaoi^ 
shire,  though  they  are  abundant  in  the  grarel 
and  marie  which  cover  it.  From  the  latter 
circumstance,  it  seems  probable  that  it  is  9 
distinct  formation  from  that  of  Cheshire,  the 
covering  of  which  contains  no  shells,  accord- 
ing to  the  description  of  Dr.  Holland,  a  native 
of  that  country. — (Holland's  Survey  of  Che^ 
shire.)  Chalk  was  considered  as  the  latest 
formation  of  lime*stone ;  but  in  some  situa^ 
tions  calcareous  strata  have  been  discovered 
over  chalk,  which  contain  the  remains  of 
fresh* water  animals,  and  diese  strata  are  again 
covered  by  others  of  marine  origin. 

In  many  of  the  southern  counties  of  En- 
gland, the  chalk  is  immediately  covered  by 
a  bed  of  clay  more  than  one  hundred  and 
twenty  feet  thick  :  in  some  parts  it  is  called 
the  London  clay,  being  the  stratum  which 
extends  over  the  vale  of  Thames  where  Loo* 
don  is  situated.  It  constitutes  the  basis  of 
Highgate-Hill, '  where  it  has  lately  been  cut 
through  in  forming  the  intended  tunnel.  Or*- 
ganic  remains  of  nautili  and  other  maripe 
animals  occur  in  this  clay,  and  also  fossil 
wood.     This  clay  is  covered  by  gravel  and 

marie. 
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marie.  In  this  marie  the  bones  of  the  ele- 
phant, the  hippopotamus  and  the  elk  are  not 
onfrequently  found.  In  the  Isle  of  Wight 
there  is  a  series  of  strata  over  the  clay  con^ 
taining  the  remains  of  fresh-water  fish^  and 
many  shells  similar  to  what  ar$  found  in  the 
strata  over  chalk  near  Paris. 

The  plaster  quarries  at  Montmartre,  in  the 
environs  of  Paris,  are  celebrated  for  their 
numerous  and  remarkable  organic  remains. 
Montmartre  is  elevated  about  eighty  yards 
above  the  level  of  the  Seine,  the  summit  is 
covered  with  vegetable  earth,  under  which  is 
a  bed  of  sand  mixt  with  pebbles  of  flint. 
Horizontal  strata  of  marie,  earthy  lime-^tone 
and  gypsum  succeed  each  other.  The  quar- 
ries, according  to  M.  Sage,  may  be  con- 
sidered as  divided  into  three  large  beds :  the 
first,  called  by  the  workmen  ^'  haute  masse,'' 
is  often  more  than  fifty  feet  thick,  and  is  dip 
stinctly  stratified :  it  rests  on  a  bed  of  blue- 
ish  clay  intermixt  with  marie.  The  second 
bed  is  fourteen  feet  thick  in  contiguous  strata ; 
^his  also  rests  on  marie.  The  third  bed, 
«Jled  "  basse  carri^re,'*  is  about  fourteen 
^^t  thick,  but  divided  into  six  strata,  sepa- 
rated 
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rated  bj  layers  of  marie.  The  lowest  is  on 
a  level  with  the  plain,  and  rests  on  chalk. 

The  following  extracts  from  the  G6ogra- 
phie  MiQ^ralogique  des  Environs  de  Paris, 
par  MrsCuvier,  torn.  L  will  more  particularly 
explain  the  appearance  and  succession  of  the 
strata^ 

"  The  country  in  which  the  capital  of 
France  is  situated  is  perhaps  the  most  remark- 
able that  has  yet  been  observed,  both  from 
the  succession  of  different  soils  of  which  it  is 
termed,  and  from  the  extraordinary  organic 
rem«iins  which  it  contains.  Millions  of  ma- 
rine shells,  which  alternate  regularly  with 
fresh-water  shells,  compose  the  principal 
mass.  Bones  of  land  animals,  of  which  the 
genera  are  entirely  unknown,  are  found  in 
certain  parts;  other  bones  remarkable  foi 
their  vast  size,  and  of  which  some  of  similai 
genera  (quelques  congenires\  exist  only  in 
distant  countries,  are  found  scattered  in  the 
upper  beds.  A  marked  character  of  a  great 
irruption  from  the  south-east  is  impressed  on 
the  summits,  (caps)  and  in  the  direction  ol 
the  principal  hills.  In  one  word,  no  canton 
can  afford  more  instruction  respecting  the 

last 
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last  revolutions  >vhich  have   terminated  the 
formation  of  the  present  continents.^' 

Though  chalk  is  the  foundation  rock  of  the 
country  for  a  considerable  extent  round  Paris, 
it  only  rises  to  the  surface  in  a  few  situations, 
being  covered  by  the  other  strata  in  the  fol- 
lowing order,  beginning  with  the  lowest  from 
the  chalk,  or  lowest  stratum  : — 

1  Chalk  and  flint. 

2  Plastic  dav  and  lower  sand. 

/-3  Coane  lime-stone,  or  *  lo  some  situations, 

\  ^      Calcaire  grossiire.  on  the  same  level  with 

^4  Lower  marine  sand-stone.       3  4  is  a  bed  of  calca- 

{0  Lower  fresh-water  strata*         reous  stone  penetrated 
7  Gypseous  clay  and  gypsum      bysilex  without  shells; 
containing  bones  of  qua-     it  occupies  the  place 
drupeds.  of  3  and  4  where  it 

8  A  bed  of  oysters.  occurs. 

9  Sand  and  sand-stone  with- 

out shell?. 

10  Superior  marine  sand-stone. 

11  Mill-stone  without  shells  and  argillaceous  sand. 

12  Fresh- water  formation  including  marles^  mill-stone^ 

and  fresh-water  shells. 
13, Alluvial  soil,  antient^nd  modem,  including  pebbles, 
pudding-stone,  black  earth  (Us  marnes  argiUeuses 
noires)y  and  peat. 

The  total  thickness  of  the  different  beds 
ami  strata  over  the  chalk,  as  given  in  an 
ideal  st^ction  of  the  country  in  the  first  tome, 

is 
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is  about  one  hundred  and  fifty  metres,  or 
near  fourhundred.and  ninety  feet. 

The  inferences  which  Cuvier  and  his  asso- 
ciate Brongniart  have  drawn  from  the  organic 
remains  of  marine  and  fresh-wat^r  animals 
found  over  each  other  at  this  place,  are  com- 
prised in  the  foUowing  summary  account  oi 
the  seas  or  lakes  of  salt  or  fresh  water,  which 
they  suppose  have  ultimately  covered  the 
surface  round  Paris,  and  deposited  the  dif- 
ferent beds  enumerated  above. 

1st.  A  sea  which  deposited  an  enormoup 
mass  of  chalk,  with  molluscous  animals  of  a 
particular  species.  (No.  1.  chalk  and  flint) 

3d.  The  sudden  variation  of  this  deposk> 
tion,  and  the  succession  of  one  entirely  dif- 
ferent, C'  d'une  toute  autre  nature,'')  which 
deposited  only  beds  of  clay,  and  sand*. 
(No.  2.  plastic  clay.) 

3d.  Another  sea  soon  succeeded  (or  the 
first  returned  again),  producing  new  inha- 
bitants; a  prodigious  quantity  of  testaceous 
moUusci,  different  from  those  in  chalk,  fonn« 
ing  thick  beds  at  the  bottom  of  this  deposi- 
tion, which  are  principally  composed  of  theco- 

*  The  editor  of  the  Journal  de  Physique  observes  that 
fossil  woo4  is  discovered  in  these  beds. 

ve  rings 
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verings  of  testaceous  mollusci  (^^  des  envelopes 
testacies'').  (No.  S  and  4.  calcaire  grossi^re.) 
This  sea  soon  after  returned. 

4th.  The  surface  \eas  covered  with  fresli . 
water  (^*  eau  douce'*),  and  beds  were  formed 
alternating  with  gypsum  and  marie,  which 
enveloped  the  debris  of  animals  bred  in  the 
lakes,  and  the  bones  of  those  living  on  its 
banks.  (No.  6  and  7*) 

5th.  The  salt  water  returned,  and  sup* 
ported  first  a  species  of  animals  with  bivalve 
shells;  and  others  with  turbinated  shells 
('^  coquilles  turbinat^es^') ;  these  shells  ceased 
to  be  formed,  and  were  succeeded  by  oysters. 
An  interval  of  time  elapsed,  during  which  a 
considerable  deposition  of  sand  took  place; 
no  animals  then  existed  in  these  lakes,  or 
their  remains  have  been  entirely  destroyed. 
(No.  8  and  9.) 

6th.  The  various  productions  of  the  second 
lower  sea  ("  la  mer  inf6rieure'')  reappear,  and 
^e  find  on  the  summit  of  Montmartre,  Ro* 
inaQviile,  &c.  the  same  shells  which  occur  in 
the  middle  of  the  coarse  earthy  lime-stone 
("  calcaire  grossi^re'').  (No.  10  and  11.) 

7th.  At  length  the  sea  entirely  disappeared 
for  the  sorond  time  from  the  lakes,  und  pools 

of 
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of  fresh  water  ("  mares  d'eau  douce")  sup- 
plied its  place,  and  covered  with  their  inha* 
Utants  almost  all  the  summits  of  the  adjacent 
banks,  and  the  surface  of  some  of  the  plains 
which  separated  them.  (No.  13  and  13«) 

Cuvier  and  Brongniart  further  state,  that 
^^  the  lowest  beds  of  gypsum  were  deposited 
in  a  sea  analogous  to  the  ocean,  because  it 
supported  the  same  animals.'^  In  this  state- 
ment it  is  assumed  that  the  sea  has  repeat- 
edly risen  and  disappeared,  and  fresh  water 
has  supplied  its  place,  in  order  to  explain  the 
succession  of  marine  and  river  shells  found 
in  the  different  strata  over  each  other.  There 
is,  however,  no  reason  to  believe  that  such  a 
succession  of  strata  exists,  except  in  countries 
where  chalk  is  found.  These  strata  are  local 
and  partial  formations. 

La  Metherie,  the  editor  of  the  Journal  do 
Physique,  supposes  that  these  fresh-water 
shells,  and  the  remains  of  quadrupeds,  were 
carried  by  inundations  from  the  land,  and 
deposited  in  their  present  situation  by  ma- 
rine currents. 
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CHAPTER  X. 

GENERAL    OBSERVATIONS    ON  THE    FOR- 
MATION OF  SECONDARY  ROCKS. 

J.T  has  been  admitted  with  too  great  latitude 
fcy  geologists,  that  the  secondary  strata  are 
j}rincipally  formed  of  mechanical  depositions, 
c^r  of  the  fragments  of  other  rocks  broken 
cSown  and  comminuted  by  the  agency  of  wa- 
%eTf  and  subsequently  consolidated.  It  cannot 
loe  doubted  that  many  of  the  secondary  strata 
contain  water-worn  particles  and  fragments : 
it  is   also  evident  that  the  mountains  and 
liigher  parts  of  the  globe  were  once  more  ele- 
vated than  at  present ;  and  therefore  it  fol- 
lows, that  depositions  from.thcm  were  spread 
over  the  lower  grounds,  and  have  formed  part 
K>{  many  secondary  beds  and  strata.     Some 
9and-stones  appear  to  be  entirely  formed  of 
^he  debris  of  pre-existing  rocks  broken  down 
^ind  cemented  together,  as  in  various  conglo- 
^Xnerate  rocks.     The  sand  rock,  on  which  the 
^own  and  castle  of  Nottingham  are  situated, 
lias  evidently  been  formed  in  this  manner :  it 
is  a  very  friable  sand-stone,  slightly  cemented 
l)y  oxyd  of  iron  and  clay,  containing  nu- 

Q  merous 
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merous  smooth  pebbles  disseminated  through 
the  mass,  and  in  the  horizontal  seams  there 
are  layers  of  white  quartz  pebbles.  It  per- 
haps might  be  proper  to  call  such  rocks  ter- 
tiary. There  are  however  numerous  strata 
among  the  secondary  rocks  which  are  highly 
crystalline,  consisting  almost  entirely  of  pure 
granular  quartz,  and  others  of  crystalline 
lime-stone.  Such  strata  must  have  had  a 
mode  of  formation  analogous  to  that  of  the 
primary  rocks,  and  cannot  be  considered  as 
mechanical  depositions.  There  is  a  stratum 
of  siliceous  •  sand-stone  forming  one  of  the 
lower  beds  in  the  Yorkshire  coal  field,  which 
is  beautifully  white  and  crystalline^  and  is 
applicable  to  the  manufacture  of  some  kinds 
of  glass* 

It  is  also  desen'ing  notice,  that  in  some  of 
the  secondary  strata  no  organic  remains  occur^ 
though  they  are  found  both  in  the  strata  above 
and  below.  We  must  either  suppose,  in  these 
instances,  that  organic  beings  had  ceased  to 
exist  in  the  places  where  such  strata  were 
formed,  or  that  some  natural  process  had  ob^ 
literated  all  trace  of  their  existence. 

It  is  observable  that  calcareous  strata  con-* 
tain  remains  of  marine  animals,  but  seldom  if 

ever 
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iJfer  those  of  vegetables.  ArgilUiceous  strata 
contain  remains  both  of  vegetables  and  aqua- 
tic antinala.  In  siliceous  strata  organic  re- 
maios  more  ntrely  occur,  and  these  are  gene- 
rally of  larffe  vegetables,  completely  pene-' 
traied  with  silex,  with  scarcely  any  trace  ot 
their  vegetable  origin  but  the  form,  and 
sametimes  a  thin  incrustation  of  carbonic 
ceous  matter. 

1  have  before  stated  my  opinion  that  the 
secondary  strata  are  local  formations,  and 
that  some  of  the  upper  strata  were  formed  in* 
detached  lakes.  But  I  believe  a  more  en- 
larged %iew  will  be  sufficient  to  prove  that  all 
the  stratified  rocUs  above  the  red  sand-stone 
und  alpine  lime-stone,  are  local  formations, 
which  bad  their  origin  in  detached  hollows 
or  seas  of  great  extent,  and  are  limited  to 
certain  portions  of  the  globe.  The  observu- 
lions  of  travellers  in  various  parts  of  the  world 
incontestably  prove  that  these  formations  are 
local.  I  am  even  inclined  to  consider  the' 
red  sand-stone  and  the  alpine  time-stone  olso 
a?  local  formations,  but  of  much  greater  ex- 
tent than  any  of  the  strata  above  them  ;  and 
i  further  think  that,  if  this  view  of  the  stilt-  ' 
^jectwcre  admitted,  it  would  relieve  geologists 
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from  the  greatest  difficulties  under  which  the 
science  labours  at  present,  and  would  go  inr 
to  establish  a  simple  and  perspicuous  system, 
which  will  at  once  account  both  for  the  simi- 
larity and  the  diversity  of  rock  formations  in 
various  parts  of  the  world.  If  the  mountains 
were  once  much  higher  than  at  present,  it 
muist  be  admitted  that,  before  the  formation 
of  the  secondary  strata,  the  valleys  and  hol- 
lows were  deeper  in  a  far  greater  proportion, 
because,  to  the  height  of  the  surrowiding 
mountains,  we  must  add  the  whole  depth  of 
*the  secondary  strata  which  were  then  wanting. 
By  whatever  process  the  secondary  strata 
were  formed,  the  existence  of  organic  remains 
in  them  incontestably  proves  that  they  were 
deposited  in  succession ;  and  the  regularity 
with  which  they  are  spread,  further  proves 
that  the  greater  part  were  deposited  in  a  fluid 
medium. 

As  there  are  indubitable  proofs  that  the 
water  once  covered  all  the  existing  conti- 
nents, it  follows  that,  w  hen  the  ocean  retired, 
or,  which  is  the  same  in  effect,  when  the  dry 
land  emerged  from  the  sea,  vast  inland  seas  or 
lakes  would  be  left,  at  the  bottom  of  which 
the  secondary  strata  were  formed.     As  the 

sea 
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Ilea  retired  further,  the  higher  grounds  being 
left  dry,  these  large  inland  seas  or  lakes  would 
be  contracted^  and  a  number  of  smaller  iso- 
lated lakes  would  occupy  the  lowest  cavities 
and  depressions ;  in  each  of  which  separate 
depositions  of  strata  might  take  place.  The 
lower  strata  would  therefore  be  the  most 
widely  spread,  and  the  upper  would  consti- 
tute independent  formations  of  greater  or  less 
extent,  in  which  their  might  be  great  simila- 
rity in  some  situations,  and  much  diversity  in 
others.  Now  such  is  found  to  be  the  fact.  The 
above  I  consider  not  as  hypothetical  assump- 
tions, but  as  legitimate  inferences  from  indis- 
putable facts,  which  will  go  far  to  explain  the 
formation  of  the  upper  surface  of  the  globe  in 
a  simple  and  intelligible  manner,  consonant 
with  its  present  physical  structure. 

Were  I  to  proceed  a  step  further,  and  in- 
quire respecting  the  origin  of  the  matter  that 
forms  the  secondary  strata,  I  must  advance 
hypotheses  which  I  wish  to  keep  distant  from 
facts.  I  am  however  inclined  to  believe  that 
the  interior  of  the  earth  is  the  great  storehouse 
and  laboratory  from  whence  all  the  elements 
of  the  rocks  that  now  cover  its  surface  were 
originally  supplied.     The  numerous  extinct 

volcanoes 
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volcanoes "  that  have  been  dormant  from  re- 
motest times  had  once  an  important  use  in  tlie 
CBconomy  of  the  globe.  Their  mouths  or  cra- 
ters are  of  immense  size.  The  ancient  mouth 
or  crater  of  Teneriffe  occupies  a  space  of  twelve 
square  leagues.  Its  surrounding  walls  of  lava 
are  at  present  distinctly  visible.  The  obser- 
vations of  Humboldt  and  numerous  travellers 
confirm  the  assertion,  that  ^^  there  is  no  ac- 
tive volcanic  crater  at  all  to  be  compared  in 
size  with  those  that  are  extinct*.'' 

It  cannot  be  doubted  that  the  quantity 
of  matter  ejected  was  proportionate  to  the 
mighty  openings  through-  which  it  was 
thrown  out.  When  the  present  continents 
were  covered  by  the  sea  or  by  lakes,  these 
volcanoes  were  all  submarine,  and  poured 
forth  their  torrents  of  water  impregnated  with 
silex  and  clay,  which  probably  have  formed 
many  of  the  secondary . strata,  or  by  which 
the  sediment  already  deposited  in  these  lakes 
became  imprci^cnated  and  consolidated.  As  it 
is  only  by  analoj^y  that  we  can  with  any  ap* 
pearance  of  proliability  speak  of  such  fbrma- 

*  See  a  very  interesting  and  perspicuous  account  of 
Teneriffe  bv  the  Hon.  H.  G.  Bcnnet,  in  the  second  Tohinie 
of  the  Transactions  of  the  Geological  Society. 
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the  instances  in  which  loose  sands  are  known 
to  be  formed  into  stone,  it  appears  lo  be  ef- 
fected by  infiltration  from  waters  in  the  vici- 
nity of  subterranean  fires,  as  on  the  shores  of 
Sicily,  of  Portugal,  and  probably  of  Guadu' 
loupe  ;• — and  further,  that  the  only  instances 
of  silex  held  in  solution  by  water  are  furnished 
by  subterranean  heat  in  the  hot  springs  of  va- 
rious parts  of  the  world.  Let  us  now  take  ft 
view  of  what  is  going  on  at  present  in  lakes, 
or  even  artificial  jjooU  of  water,  in  which  we 
find  in  the  course  of  years  thiclt  beds  of  sedi- 
ment formed  and  spread  over  the  bottom,  and 
containing  fre&h-water  shells  and  parts  of  vege- ^ 
tables.  These  I  consider  as  similar  to  the  bedsl 
of  argillaceous  shale  in  secondary  rocks,  antx  I 
to  tliat  enormous  deposit  which  forms  the  alu* 
minous  schistiis  at  Whitby,  in  uhich  numcr 
rous  amnionites  and  nautili  with  pieces  of  fos- 
sil wood  are  imbedded.  The  animals,  doubt- 
less, lived  and  died  in  the  places  wht-ie  they 
are  found,  and  the  wood  was  washed  dovva 
from  the  higher  parts  of  the  country*. 

The 


An  animal  exactly  similar  to  the  ammonite  exists  aC 
It  in  the  mud  of  the  river  Tees.    It  <lifFers  in  no  le- 
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The  beds  of  clay  or  mud,  with  their  included 
fossils,  have  been  consolidated  by  some  pro^ 
cess  different  from  mere  gradual  desiccation. 
The  strata  of  crystalline  sand-stone  and  lime^ 
stone  strata,  with  which  they  are  covered,  ap- 
pear to  be  formed  in  a  different  manner;  and 
I  am  inclined  to  refer  their  origin  to  a  deposit 
tion  from  subterranean  waters  impregnated 
with  sihceous  or  calcareous  earth,  and  thrown 
out  of  the  immense  craters  of  ancient  volca* 
noes,  like  the  torrent  which  flowed  froni  the 
summit  of  Etna  in  1794,  and  the  aquallc  enip^' 
tions  from  the  vast  volcanoes  in  the  Andes. 

If  the  matter  of  which  the  secondary  strata 
are  principally  formed  were  ejected  from  the 
interior  of  the  earth,  the  space  it  had  occu^ 
pied  might  be  filled  by  the  retiring  waters  of 
the  ocean,  which  all  geologists  are  agreed  had 
once  a  higher  level  than  at  present. 

In  proportion  to  the  diminution  of  the  wa-* 
ters  of  the  large  lakes  the  number  of  small 


T^. 


spect  but  in  size^  being  about  half  an  inch  in  diameter* 
On  examining  it  with  a  lens,  and  comparing  it  with  a  great 
variety  of  ammonites  at  Whitby,  there  were  some  with 
which  it  exactly  agreed  in  the  minutest  particular  of  form^ 
curvature,  and  indentation  of  the  spirals.  We  cannot  there- 
fore doubt  that  the  habitudes  of  both  animab  were  similar. 

lakes 
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lakes  would  increase,  and  also  the  number  of 
liittited  independent  formations,  till  we  come 
to  the  more  recent,  whose  extent  we  can  trace 
by  basins  or  hollows  of  comparatively  small 
8i2e*  One  large  lake  may  have  originally  co- 
Tared  England  and  part  of  Europe  when  the 
red  sand-stone  and  alpine  lime-stone  were 
formed ;  but  as  the  water  retired  the  suc- 
ceeding formations  would  be  more  limited. 

Many  of  secondary  strata  are   known  to 
be  lofftl  or  independent  formations ; — of  this 
kind  are  the  fresh-water  formations  over  the 
chalk ; — but  by  extending  this  mode  of  for- 
mation to  the  lower  rocks,  we  shall  be  relieved 
from  the  difficulty  of  accounting  for  their  dis- 
t|>pearance  in  various  countries  where  they 
ought  to  be  found  if  they  were  formed  uni- 
versally over  the  globe.    We  shall  further  be 
relieved  from  the  necessity  of  supposing  uni- 
versal inundations  of  salt  and  fresh  water  al- 
ternately succeeding  each  other.    Admitting 
the  existence  of  numerous  detached  lakes  over 
our  present  continents,  and   the  occasional 
convulsions  which  have  fractured  the  surface 
of  the  globe,  it  will  not  be  difficult  to  conceive 
that  many  of  these  lakes  have  been  alternately 
opened  and  closed  by  the  overthrow  of  the 

surrounding 
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aurrounding  mountains  or  embankments.  We 
ought  also  to  recollect,  that  when  the  secon- 
dary strata  were  deposited,  and  filled  up  the 
bottom  of  many  of  the  lakes,  the  water  would 
be  thrown  again  over  the  surface  of  the  sur^i^ 
rounding  country;  and  from  this  cause  we 
may  explain  many  of  the  alternations  of  dry 
land  and  see,  without  recurring  to  the  forced 
assuniption  of  the  whole  ocean  rising  from  its 
bed  to  form  strata  of  comparatively  small 
extent*  m- 

The  position  of  the  strata  in  the  Isle  of 
Wight,  which  will  be  subsequently  noticed, 
demonstrates  that  some  great  convulsion  has 
upheaved  from  their  foundations  and  over^ 
turned  the  whole  mass  of  the  chalk  rocks, 
and  the  strata  that  coyer  them  not  less  than 
three  thousand  feet  in  thickness.  At  the  pe^ 
riod  when  this  was  ejected,  it  is  not  impror 
bable  that  Ejigland  was  separated  from  the 
continent.  See  chapter  on  the  Geology  of 
England. 

On  the  continent  of  America,  nature  acts 
upon  a  magnificent  scale.  Were  her  opera*? 
tions  attended  to,  they  might  illustrate  many 
interesting  facts  in  geology. 

The  lakes  of  North  America  are  sea3  of 

fresh 


L.«KES   IN    NORTH  AMERICA. 


233 


•esh  water  more  than  fifteen  hundred  miles 
in  circuit :  these  are  placed  at  a  considerable 
elevation  above  the  Atlantic,  and  at  different 
levels.     Tliey  unite  by  small  streights  or  ri- 
vers, which  have  a  rapid  descent.     On  soroe 
of  ihem  are  prodigious  waterfalls,  which  are 
constantly  enlarging  and  shortening  the  pas- 
sage from  one  to  the  other,  and  will  ultimatelv 
elTpct  the  drainage  of  the  upper  lakes.     The 
^^^Uls  of  Niagara  are  well  known.    The  water  ii 
^^^pvi^d  by  a  small  island,  w'lich  separates  the 
^^Bp'cr  into  two  cataracts,  one  of  which  is  six 
^^H^adred  and  the  other  three  hundred  and  fifty 
^^^artU  wide,  and  from  one  hundred  and  forty 
to  one  hundred  and  sixty  (eex  in  depth.     It  is 
estimated  that  six  hundred  and  seventy  thou- 
^^^bod  tons  of  water  are  dashed  every  minute 
^^^Btb  inconceivable  force  against  the  bottom, 
^^^nd  are  undermining  and  wearing  down  the 
^^^kjaccDt  rocks.     Since  the  banks  of  the  ca- 
^^K^ct  were  inhabited    by  Europeans   tbey 
^^^puvc  observed  that  it  is  progressively  short- 
^^^enin^   tlie  distance    from    lake    Erie  to  lake 
Ontario.     When  it  has  worn  down  the  inter- 
veomg  calcareous  rocks  and  efiectcd  a  junc- 
tion, the  upper  lake  will  become  dry  land, 
dftd  foi'iu  an  extensive  plain,  surrounded  by 
rising 
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rising  ground,  and  watered  by  a  river  or 
ftinaller  lake/  which  will   occupy  the  lowest 
part*     In  this   plain  future  geologists  may 
trace  successive  strata  of  fresh-water  forma* 
tion,  covering  the  subjacent  crystalline  lime- 
stone.    The  gradual  deposition  of  minute 
eartliy  particles,   or   the  more  rapid  subsi* 
dence  of  mud  from  sudden  inundations,  will 
form  different  distinct  beds,  in  which  will  be 
found  remains  of  fresh-water  fish,  of  vege- 
tables, and  of  quadrupeds.     Large  adfaals 
are  frequently  borne  along  by  the  rapidity  of 
the  current,  and  precipitated  down  the  cata- 
racts ;  their  broken  bones  mixt  with  calca- 
reous sediment,  may  form  rocks  of  calcareous 
tufa  where  the  waters  first  subside  after  their 
descent.      Bones  of  quadrupeds   are   found 
thus  intermixt  in  the  calcareous  rock  at  Gib- 
raltar.    Perhaps  there  was  a  period  when  the 
branches  of  Mount  Atlas  were  united  with 
the  mountains  of  Spain,  and  the  Mediterra- 
nean   mixed   its    waters   with    the    Atlantic 
through  a  narrow  passage  like  that  of  Nia« 
gara.     The  two  seas  would  then  have  a  dif^ 
fer^nt  level,  and  a  stupendous  cataract  might 
exist  near  the  rocks  of  Caipe,  and. bury  under 
its  waves  many  of  the.animab  that  attempted 

to 


XXTBNT  09  CHA£K^tOeK9»  237 

to  dross  the  current.  From  the  iritennixture 
of  these  bones  with  calcareous  sediment,  the 
present  rocks,  with  their  osseous  remains^ 
may  have  originated. 

These  calcareous  strata  have  probably  been 
raised  by  a  sudden  subterranean  explosion, 
Mrhich  opened  a  passage  for  the  waters  of  the 
Atlantic,  and  reduced  both  seas  to  their  pre- 
sent level.  Such  an  explosion,  nearly  in  that 
situation,  but  less  violent,  took  place  in  17559 
whi^  shook  in  the  same  hour  all  northenCi 
Africa  with  the  southern  kingdoms  of  Eu- 
rope, and  was  felt  on  the  distant  shores  of  th9 
American  islands. 

It  has  been  observed  that  chalk  is  princi- 
pally confined  to  the  coasts  of  England  and 
France,  and  to  the  islands  and  countries  bor- 
dering on  the  German  Ocean  find  the  Baltic; 
If  the  southern  parts  of  England  were  once 
united  to  France,  the  German  Ocean  would 
form  an  extended  basin,  into  which  all  the 
waters  in  the  Baltic,  with  the  Rhine  and  the 
principal  rivers  of  northern  Europe,  would 
flow.  The  central  parts  of  England,  and  the 
Carpathian  mountains,  and  the  mountains  in 
the  central  parts  of  France,  might  form  the 
borders  of'  this  lake.    If  it  were  nearly  closed 

at 
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at  its  northern  extremity,  it  might  be  salt  in 
a  much  less  degree  than  the  waters  of  the 
ocean,  and  require  different  inhabitants  from 
those  of  the  sea  or  of  rivers ;  and  it  is  not  a 
little  remarkable  that  the  animal  remains 
found  in  chalk  differ  from  those  of  any  other 
known  rock  or  stratum. 

The  chalk  said  to  be  found  in  Spain  and 
the  south  of  France,  with  fresh-water  shells 
over  it,  may  have  been  formed  in  similar 
lakes.  From  every  circumstance,  we  i^i>ear 
warranted  in  concluding  that  chalk  and  ihe 
strata  over  it  are  local  formations.  By  ex- 
tending the  same  mode  of  reasoning  to  the 
strata, under  the  chalky  we  shall  perceive  the 
cause  why  the  secondary  rocks  in  Europe 
differ  so  much  from  those  which  cover  the 
primary  mountains  of  America. 
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CHAPTER  XL 

OK  THE  DECOMPOSITION  OF  MOUNTAINS, 
TU£  FORMATION  Of  SOILS,  AND  ALLV^ 
VIAL  PRODUCTS. 

Proofs  of  the  diminution  of  Mountains. — Element 
taiy  agency. — Final  causes. — Formation  oj  Soils. 
^—Mixture  ofdifferait  Earths  necessary  to  form 
good  Soil. — Effects  of  Lime. — Alluvial  deposi- 
tions from  Alpine  Countries  and  Secondary 
Rocks. — Peat  Moors,  and  Subterranean  Fo- 
rests. 

i  II E  diminution  of  rocks  and  mountains  is 
constantly  taking  place  by  the  incessant  ope^ 
xation  of  the  elements,  until  the  loftiest  emi- 
nences are  reduced  and  covered  vifith  soil  and 
vegetables,  which  protect  them  from  further 
decay.  Instances  have  occurred  of  whole 
mountains  suddenly  falling  down  and  bury- 
ing the  inhabitants  of  the  vales  below  under 
their  ruins.  In  the  Alps  the  process  of  dis- 
integration is  rapidly  going  on ;  but  such  is 
the  immensity  of  these  enormous  mountains, 
^hat  ages  pass  away  before  any  diminution  of 
their  bulk  is  perceived. 
According  to  the  account  of  Patrin,  who 

had 
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bad  travelled  in  Northern  Asia,  the  whole  tii 
that  country  is  covered  to  the  depth  of  many 
hundred  feet  by  innumerable  beds  of  mica- 
ceous  and  argillaceons  sand,  washed  down  by 
inundations  from  the  high  range  of  moun- 
tains in  the  interior  of  Asia,  and  carried  as 
£blt  as  Siberia.  The  deserts  of  Arabia  are 
aliso  covered  with  alluvial  depositions.  C.  Lu- 
kie,  Esq.  informs  me,  that  between  Hit  and 
Tahiba  the  soil  is  composed  of  sand  and  gra- 
vel, on  which  may  be  seen  small  volute  and 
bivalve  shells ;  but  the  sand  is  not  loose  like 
that  in  the  deserts  of  Libya. 

That  the  mountains  of  our  island  have  once 
been  much  higher  than  at  present,  is  evident 
to  every  one  who  has  attentively  examined 
them.  The  rocky  fragments  in  Borrowdale, 
the  deep  ravines  made  by  torrents  in  the  sides 
of  Skiddaw,  and  the  scattered  rocks  at  t^e 
foot  of  Snowdon,  offer  striking  proofs  of  this. 
The  central  parts  of  England  have  also  once 
had  a  greater  elevation.  The  white  quartz 
pebbles  spread  over  the  midland  counties  are 
the  remains  of  the  decomposed  hills  in  Charn- 
wood  forest,  or  of  others  connected  with  them, 
which  are  now  worn  down.  Beacon  Hill,  one 
of  the  highest  points  of  this  range,  I  ascer- 
tained 
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taibed  by  trigonometrical  admeaftureraent, 
does  not  rise  more  than  seven  hundred  and 
sixty  feet  above  the  surrounding  country; 
but  all  these  hills  are  evidently  the  remains 
of  a  more  lofty  and  extended  chain  ofmoun- 
tains.  Large  blocks  of  white  quartz  lie  upon 
their  summits,  which  once  formed  veins  in* 
tersecting  higher  rocks;  this  quartz,  being 
harder,  has  remained  after  the  other  parts 
were  worn  down.  Veins  filled  with  similar 
quarts  may  be  traced  near  the  places  where 
these  blocks  lie. 

Besides  the  destructive  efifects  of  mountain 
torrents  so  sudden  and  impetuous  in  alpine 
countries,  there  is  another  powerful  agent  in 
nature  that  can  rend  the  hardest  rocks,  and 
to  which  mountains  that  contain  much  me- 
tallic matter  are  particularly  exposed, — this 
is  lightning.  The  antients,  whose  descrip- 
tions of  external  nature  were  almost  always 
correct,  have  represented  the  destruction  of 
rocks  and  mountains  as  a  characteristic  phas- 
nomenon  attending  thunder-storms.  In  the 
sublime  description  of  a  storm  in  the  drut 
Georgia,  Virgil  refers  to  the  rending  of  rocks 
■*  one  of  the  common  effects  of  lightning. 

R  " ille 
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(€  I     ■  .,  mm     iHe  flagranti 

Aut  Atho,  aut  Rhodopen^  aut  alta  Ceraunia  telo 
Disjecit." 

Jove's  forked  bolt  pursues  its  rapid  course^ 

And  rocks  and  mountaips  rends  with  matchless  force. 

Were  the  effects  of  this  powerful  agent 
more  attended  to,  perhaps  many  anomalous 
appearances  in  the  mineral  kingdom  might 
admit  of  an  easy  explanation. 

It  is,  however,  to  the  more  constant  opera- 
tion of  moisture  and  change  of  temperature 
that  the  di^ntegration  of  rocks  and  moun* 
tains  may  be  principally  attributed ;  but  no 
well  authenticated  observations  have  yet 
been  made  to  determine  the  extent  of  these 
effects. 

It  has  been  vaguely  stated  that  the  height 
of  the  Pyrennees  is  diminishing  one  foot  in  a 
century :  hence  it  was  calculated  that  more 
than  a  million  years  would  ht  required  to 
level  the  rocky  boundary  which  separates 
France  and  Span). 

There  are  indeed  agents  in  nature, — earth- 
quakes, volcanoes,  and  perhaps  central  sub- 
terranean fire, — that  can  entomb  whole  conti- 
nents in  the  ocean,  and  raise  mountains  from 

the 
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tlie  watery  abyss  in  a  single  night.     Evident 
indications  exist  that  such  causes  have  ope- 
rated extensively  on  the  surface  of  our  planet; 
but  the  periods  of  time  in  which   they  are 
destined  to  succeed  each  other,  remain  be- 
yond the  power  of  human  sagacity  to  de- 
termine.     By  the  slow  but  constant  destruc- 
tion of  rocks  and  mountains  new  and  pro- 
ductive soils  are  formed  to  renovate  the  sur- 
face of  the  globe,  and  prepare  it  for  the  sup- 
port of  animal  life:  this  appears  to  be  the 
final  cause  for  which  the  world  was  created^ 
and  to  which  all  terrestrial  changes  ultimately 
refer.     It  has  been  justly  observed  by  Dr. 
Paley  and  others,  that  in  the  peculiar  confor- 
mation of  the  teeth  in  graminivorous  animals, 
and  in  the  production  of  grasses  which  serve 
them  for  food,  we  may  trace  evident  marks 
of  relation,  and  of  a  designing  intelligent 
cause :  with  equal  reason  must  we  admit  that 
the  destruction  of  mountains  and  the  forma- 
tion of  soils  for  the  support  of  the  vegetable 
tribes  are  provided  for  by  the  same  cause,  and 
we  part  of  a  regular  series  of  operations  in 
the  (Economy  of  nature :  hence  also  we  may 
infer  that  those  grand  revolutions  of  the  globe 
by  which  new  mountains  or  continents  are 

II  2  cleMit(^d 


244  J>1C0MP081TI0N  OF  MOUNTAINS. 

elevated  from  the  deep,  are  part  of  the  same 
series  extending  through  ages  of  endless  du- 
ration, and  connecting  in  one  chain  all  the 
successive  phasnomena  of  the  material  uni- 
verse. 

By  a  wise  provision  of  the  author  of  na^ 
ture  it  is  ordained,  that  those  rocks  which  de- 
compose rapidly  are  those  which  form  the 
most  fertile  soils,  for  the  quality  of  soils  de- 
pends on  the  nature  of  the  rocks  from  which 
they  were  formed.  Granitic  and  sihceous 
rocks  form  barren  and  sandy  soils ;  argilla- 
ceoils  rocks  form  stiff  clay ;  and  calcareous 
rocks,  when  mixt  with  clays,  form  marie; 
but  when  uncovered  by  other  strata  they 
support  a  short  but  nutritious  vegetation. 
For  the  formation  of  productive  soils,  an  in- 
termixture of  the  three  earths,  clay,  sand, 
and  lime,  is  absolutely  necessary.  The  oxyd 
of  iron  appears  also  to  be  a  requisite  ingre- 
dient. The  proportion  necessary  for  the  for- 
mation of  good  soil  depends  much  on  the 
nature  of  the  climate,  but  more  on  the  qua- 
lily  of  the  sub-soil,  and  its  power  of  retaining 
or  absorbing  moisture.  This  alone  may  make 
a  soil  barren,  which  upon  different  sub-soil 
would  be  exceedingly  productive.  When  this 

is 


FORMATION    OF   SOILS.  245 

;  the  case,  drainage  or  irrigation  offers  the 
only  means  of  pernnwient  improvement. 

Different  vet;etal)les  also  require  different 
admixtures  of  earth.     They  require  it,  first, 
because  it  is  necessary  to  their  growth  that  j 
the  soil  shoulil  be  suflicicntly  stiff  and  deep 
to  keep   tliem   firm  in   their  place;  and  also 
that  it  should   not  be  too  stiff  to  permit  ths 
expansion  and   growth  of  their  roots:  and, 
lastly,  that  it  should  supply  them  with  a  con*  ' 
ntant  quantity  of  water,  neither  too  abundant 
nor  deficient.     Hence  we  may  learn  why  diP  , 
ferent  degrees  of  tenacity,  deptli,  and  power  ] 
of  retaining  or  absorbing  moisture,  are  re- 
ijuired  in  soils  for  different  kinds  of  plants. 
Thus,  in  uncultivated  countries,  we  find  that  ' 
certain  vegetables  affect  particular  situations 
in  which  they  flourish  spontaneously  and  ei- 
clustvely  ;*and  it  is  only  by  imitating  nature, 
and  profiting  by  the  instruction  she  ntfcrds, 
that  we  can  hope  to  obtain  advantageous  re- 
sults, or  acquire  certain  fixt  principles  to  guide 
us  ill  our  attempts  to  bring  barren  lands  into 
a  itale  of  profitable  cultivation.    When  rocks 
contain  in  their  composition  a  due  proportion 
of  t.-ilex,  clay,  and   lime,  they   furnish  soils 
_  _  shose  fertility  may  be  said  to  be  j>ermanent. 

mm  The 
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The  most  fertile  districts  in  England  were 
made  so  by  nature;  their  original  fertility  was 
independent  of  human  operation. 

Some  small  portion  of  the  earths  and  alka- 
lies is  found  by  chemical  analysis  in  plants : 
but  it  would  be  contrary  to  fact  and  analogy 
to  suppose  that  the  earths  in  a  concrete  state 
form  any  part  of  the  food  of  plants.  The 
earths  and  alkalies  which  they  contain  are  in 
all  probability  formed  by  the  process  of  ve- 
getation from  mere  simple  elements,  for  it  is 
now  ascertained  that  the  earths  and  alkalies 
are  compound  substances. 

The  principal  elements  found  in  plants  are 
hydrogen,  carbon,  and  oxygen;  and  by  re- 
cent experiments  of  Gay  Lussac  and  The* 
nard*  it  appears  that  the  hydrogen  and  oxy- 
gen in  starch,  gum,  vegetable  oils,  and  sugar, 
exist  in  precisely  the  same  proportion  that 
forms  water.  Carbon,  the  other  principal 
elementary  substance  found  in  plants,  exists 
both  in  water  and  the  atmosphere.  Water 
and  the  atmosphere  contain  in  themselves, 
or  in  solution,  all  the  elements  necessary  for 
the  support  and  growth  of  vegetables.  But 
most  soils  are  either  too  wet  or  too   dry, 

*  Recherches  Physico  cliimiques. 

too 
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loose  or  too  adhesive,  to  admit  plants  to 
eitract  these  elements  in  ilir  proportions  ne- 
cessary for  ihcir  growth.  Manures  supply  this  ' 
deficiency  by  furiiisiring  in  great  abundance 
the  hydrogen,  carbon,  or  azote,  which  they 
may  require.  In  proportion  as  soils  possess 
a  due  degree  of  tenacity,  and  power  of  retain- 
ing or  absorbing  lieat  and  moisture,  the  ne- 
cessity for  a  supply  of  manure  is  diminished, 
and  in  some  instances  the  earths  are  so  for- 
tunately combined  as  to  render  all  supply  of 
ficial  manure  unnecessary.  He  who  pos-  ' 
a  on  his  estate  the  tliree  earths,  clay, 
and  lime,  of  a  good  quality,  with  fa- 
cilities for  drainage  or  irrigation,  has  all  the 
materials  for  permanent  improvement;  thtf  * 
:d  desiderata  in  agricuhure  being  to  ren- 
wet  lands  dry,  to  supply  dry  lands  with, 
cient  moisture,  to  make  adhesive  soils, 
loose,  and  loose  soils  sntHciently  adhesive. 

The  intermixture  of  soils,  where  one  kind 
of  earth  is  either  redundant  or  deficient,  is- 
practised  in  some  countries  with  great  ad- 
vautage.  Part  of  Lancashire  is  situated  on, 
die  red  sand  rock  described  in  the  sixth  chap- 
ter. This  rock,  being  principally  composed 
of  siliceous  earth  and  the  oxyd  of  iron,  forms 
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of  itself  very  unproductive  land :  but  fortu- 
nately in  many  situations  it  contains  detached 
beds  of  calcareous  inarle  near  the  surface. 
By  an  intermixture  of  this  marie  with  the 
soil,  it  is  converted  into  fertile  land,  and  the 
necessity  for  manure  is  superseded.  The 
effect  of  a  good  marie  applied  liberally  to 
this  land,  lasts  for  more  than  twenty  years. 
In  some  lands,  a  mixture  of  light  marie 
which  contains  scarcely  a  trace  of  calcareous 
earth  is  found  of  great  service.  The  good 
effect  of  this  appears  to  depend  on  its  giving 
to  the  sandy  soil  a  sufficient  degree  of  tena- 
city. On  the  contrary,  in  stiff  clay  soils, 
where  lime  is  at  a  great  distance,  the  land 
might  frequently  be  improved  by  an  inter- 
mixture with  siliceous  sand.  A  proper  know- 
ledge of  the  quality  of  the  sub-soil  and  the 
position  of  the  sub-strata  is  necessary  to  as- 
certain the  capability  of  improvement  which 
land  may  possess.  It  may  frequently  happen 
that  a  valuable  stratum  of  marie  or  stone 
which  lies  at  a  great  depth  in  one  situation, 
may  rise  near  the  surface  in  an  adjoining  part 
of  the  estate,  and  might  be  procured  with 
little  expense. 

Lime  is  the  only  earth  which  has  been  ge» 

nerally 
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illy  used  to  intermix  with  soils,  and  has 
been  considered  as  a  manure;  but  its  opera- 
tion a»  such  is  very  imperfectly  understood.  ' 
Burnt  hme,  when  caustic,  destroys  iindecom- 
posed  vegetable  matter,  and  reduces  it  to 
mould, — so  far  its  use  is  intelligible.  It  com- 
bines also  with  vegetable  or  mineral  acids  in 
the  soil  which  might  be  injurious  to  vegeta- 
tion,— here  its  operation  is  likewise  intelli- 
gible; but  if  we  assert  that  when  burnt  lime 
has  absorbed  carbonic  acid  and  become  mild, 
it  gives  out  its  carbon  again  to  the  roots  of 
Ijlant^,  we  assume  a  fact  which  we  have  nei- 
ther experiments  nor  analogies  to  support. 
The  utility  of  hme  in  decomposing  vegetable 
matter  and  neutralizing  acids  is  obvious;  but 
its  other  uses  are  not  so  evident,  except  we 
admit  that  it  acts  mechanically  on  the  soil, 
and  renders  the  clay  or  sand  with  which  it  is 
intermixt  better  suited  to  the  proper  expan-  * 
ivm  of  the  roots,  and  more  disposed  to  mo- 
dify the  power  of  retaining  or  absorbing  the 
reqajsite  degree  of  heat  and  moisture  which 
particular  vegetables  may  demand. 

Where  earths  are  properly  intermixt,  in- 
stances are  known  of  land  producing  a  suc- 
cession of  good  crops  for  many  years  without 
k  fallowing 
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fallowing  or  manure.  On  the  summit  of 
Breedoii  Hill,  in  Leicestershire,  I  have  seen" 
a  luxuriant  crop  of  barley  growing  on  land 
that  had  borne  a  succession  of  twenty  pre- 
ceding crops  without  manuring.  This  is  more 
deserving  notice,  being  in  an  exposed  and 
elevated  situation,  and  upon  the  very  hill  of 
raagnesian  lime  which  has  been  so  frequently 
referred  to  by  chemical  writers  as  peculiarly 
unfavourable  to  vegetation.  The  lime-stone 
of  this  hill  contains  above  20  per  cent,  of 
magnesia*. 

The  temperature  requisite  for  the  growth 
of  plants  is  influenced  by  the  power  of  diffe- 
rent soils  to  absorb  and  retain  heat  from  the 
solar  rays,  which  depends  much  on  their 
moisture  and  tenacity.  "  It  is  a  well  known 
fact,  that  the  vegetation  of  perennial  grasses 
in  the  spring  is  at  least  a  fortnight  sooner  on 
lime-stone  and  sandy  isoils,  if  not  extremely 
barren,  than  on  clayey  or  even  in  deep  rich 
soils:    it  is  equally  true,  but  perhaps  not  so 

*  The  magnesian  lime  acU  more  powerfully  in  destroy- 
ing undecomposed  vegetable  matter  than  common  lime, 
and  its  effects  on  land  are  more  durable :  hence  it  is  in 
reality  of  greater  value  in  agriculture,  as  a  much  smaller 
quantity  will  answer  the  same  purpose. 

wel  1 
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hI  known,  thsit  the  difTerence  is  more  than 
reversed  in  the  Jiutiimn."— (Obsen'ations  on 
Milflew,  liy  J.  Egremont,  Esq.)  This  effect 
Mr.  E.  ascribes  with  much  probabihty  to  the 
rich  or  clayey  soils  absorbing  heat  slowly, 
and  parting  with  it  agsiin  more  reluctantly 
than  the  calcareous  soils,  owing  to  the  greater 
quantity  of  moisture  in  the  clay,  which  is  an 
irapnrfect  conductor  of  heat. 

Calcareous  soils  might  frequently  be  murh 
improved  by  a  mixture  of  clay,  sand,  or  gra- 
U'l,  which  in  many  situations  is  practicable 
with  little  expense,  and  would  well  reward  the 
labour  of  the  experimental  agriculturist. 

Alluvial  ground  formed  from  the  materials 
of  decomposed  roclcs,  will  differ  according  to 
the  nature  of  the  rocks  in  different  districts. 

In  mountainous  countries,  alluvial  grounds 
are  principally  composed  of  fragments  of 
rocks  worn  by  attrition,  and  of  pebbles  and 
sand.  Metallic  ores,  which  are  very  hard, 
or  indestructible,  are  also  found  in  the  allu- 
vial depositions  of  primary  and  transition 
rocks.  Tin-stone,  or  ore  of  tin,  is  found  in 
the  form  of  rounded  pebbles,  in  the  banks 
and  sands  of  the  rivulets  In  Cornwall,  and 
^«^r  the  sand  on  the  sea  shore.  There  can 
^^^L  scarcely 
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scarcely  be  a  doubt  that  this  ore  once  formed 
veins  intersecting  mountains  that  are  decom* 
posed  and  worn  down.  Small  pieces  of  gold 
have  occasionally  been  found  in  similar  situa- 
tions, which,  as  well  as  the  gold  in  the  sands 
of  rivers  in  different  parts  of  the  world,  had 
in  all  probability  a  similar  origin.  The  dia- 
mond, and  other  precious  stones  which  oc- 
cur in  alluvial  depositions,  were  also  probably 
brought  there,  from  decomposed  rocks,  by 
inundations  and  mountain  torrents. 

Whether  the  immeasurable  tracts  of  loose 
sand  in  Africa  were  formed  from  the  de- 
struction of  siliceous  mountains,  or  by  other 
processes,  cannot  be  determined.  During 
volcanic  eruptions,  an  extent  of  some  hun- 
dred square  miles  has  frequently  been  covered 
with  volcanic  sand ;  but  this  is  of  a  dark  gray 
colour,  contains  a  considerable  portion  of 
argillaceous  earth,  and  becomes  consolidated 
by  moisture. 

It  is  observed  that  the  boulders  and  peb* 
bles  from  mountainous  districts  decrease  in 
size  as  they  advance  further  into  the  plains; 
which  is  a  proof*  if  any  were  wanting,  that 
they  have  been  driven  by  water  to  their  pre- 
sent situations ;  the  smallest  yielding  to  the 

least 
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least  impulsive  force  would  be  removed  to  the 
greatest  distance  from  the  mountains.  Gs-a- 
vei  is  evidently  an  alluvial  production^  and 
we  may  observe  the  process  of  its  formation 
on  the  sea  shore,  near  precipitous  cliffs, 
where  the  angular  fragments  that  fall  down 
are  incessantly  rolled  to  and  fro  by  the  ac- 
tion of  the  tides  and  formed  into  round 
pebbles.  The  chalk  cliffs  on  the  southern 
coast  of  England  offer  an  illustration  of  this; 
they  are  frequently  falling  down,  and  the  im- 
bedded flints,  that  are  broken  and  urged  al- 
temately  backward  and  forward  by  the  tides, 
may  be  distinctly  heard  rattling  and  grind- 
ing on  each  other  after  each  retiring  wave. 
Flat  fragments  of  tiles  left  in  the  same  situa- 
tion are  soon  rounded  by  constant  attrition. 
The  small  sand  on  the  sea  shore  and  in  gra- 
vel is  formed  by  a  further  process  of  commi- 
nution. On  the  eastern  shore,  particularly 
near  Scarborough,  beautiful  pebbles  of  agate, 
chalcedony  and  carnelian,  are  thrown  upon 
the  sands,  after  a  high  tide :  no  similar  stones 
exist  in  the  rocks  on  that  part  of  the  coast. 
There  are,  however,  chalcedony  and  agates 
in  the  rocks  of  porphyry  and  amygdaloid 
formini;  the  Cheviot  Hillo   in   Nortliumbcr- 

land, 
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land,  which  are  washed  down  by  mountain 
torrents,  and  carried  into  the  streams  that 
flow  from  thence  into  the  sea.  Some  of  these 
pebbles  may  be  brought  from  those  hills,  and 
others  from  the  more  remote  mountains  of 
Scotland. 

Extensive  tracts  of  cultivated  ground  are 
sometimes  converted  into  sandy  deserts;  the 
process  is  taking  place  at  present,  and  has 
been  well  described  by  Cuvier.  During  very 
high  winds  the  sand  on  the  sea  shore  is  driven 
inland,  covering  the  ground  to  a  certain  di- 
stance, and  leaving  an  elevated  ridge  at  the 
further  boundary;  succeeding  winds  blow 
this  sand  forward,  and  at  the  same  time 
bring  fresh  sand  from  the  shore  to  supply  its 
place. 

In  the  sixth  volume  of  the  Transactions  of 
the  Irish  Academy,  an  account  is  given  of  the 
encroachment  of  the  sand  over  some  parts  of 
Ireland.  Trees,  houses,  and  even  villages 
have  been  covered  or  surrounded  during  the 
last  century.  The  roofs  still  rising  above  the 
waste  attest  the  period  and  the  progress  of 
desolation. 

The  loose  sands  of  Libya  are  thus  spread- 
ing over  the  plains  that  border  the  Nile,  and, 

burying 
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burying  the  monuments  ^f  art  and  the  re- 
membrance of  former  cultivation.  From  a 
similar  cause  the  country  immediately  round 
Palmyra,  that  once  supplied  a  crowded  popu- 
lation with  food,  now  scarcely  affords  a  few 
withered  plants  to  the  camel  of  the  wander- 
ing Arab.  By  planting  and  irrigation  man 
can  fix  limits  to  the  moving  wastes  of  sand  ; 
but  despotic  power,  more  destructive  than 
the  winds  of  the  desert,  unnerves  the  arm  of 
industry,  and,  dashing  the  cup  of  enjoyment 
to  the  ground,  consigns  flourishing  and  fertile 
districts  to  eternal  sterility  and  solitude. 

Sandy  tracts  are  also  frequently  formed  by 
the  disintegration  of  a  thick  sand-stone  stra- 
tum rising  to  the  surface,  and  extending  over 
a  considerable  extent  of  country. 

We  are  not  to  conclude  that  all  beds  of 
sand  and  clay  are  formed  by  the  destruction 
of  other  rocks.  They  are  sometimes  as  much 
an  original  p^rt  of  the  globe,  as  any  of  the 
secondary  strata.  The  particles  of  sand  in 
some  situations  have  the  regular  crystalline 
forms  of  rock  crystals  with  the  angles  sharply 
defined;  which  could  not  have  been  the  case 
had  such  sand  been  formed  from  the  debris 
of  sand-stone   worn   down   by  the  action  of 

wiitcr. 
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ivater.  A  bed. of  sand  of  this  kind  at  Neuilly 
in  France  is  described  by  De  Lille  as  being 
composed  of  transparent  rock  crystals^  which 
when  examined  with  a  lens  were  perfect  hexa- 
hedral  prisms. 

In  some  sand-stones  the  particles  of  quartz 
are  too  crystalline  and  angular  to  admit  the 
belief  that  they  were  formed  from  the  debris 
of  former  rocks,  unless  we  were  to  suppose 
with  some  geologists  that  such  strata  had 
been  in  a  melted  or  confluent  state,  which 
allowed  the  particles  to  acquire  a  crystalline 
arrangement.  In  other  sand-stones  the  frag- 
ments and  particles  are  worn  by  attrition, 
and  have  been  cemented  by  clay  and  oxyd 
of  iron.  When  the  fragments  are  large  and 
smooth,  the  mass  is  called  pudding-stone. 

Breccia,  or  pudding-stone,  consists  of  frag- 
ments or  of  pebbles  agglutinated  in  a  hard  ce- 
ment formed  by  the  consolidation  of  the  loose 
materials  in  which  they  are  imbedded ;  but 
some  breccias  appear  to  have  a  different  for- 
mation, and  cannot  be  classed  with  alluvial 
products. 

Earthy  particles,  deposited  and  aggluti- 
nated, form  beds  of  tufa.  Calcareous  tufks 
occur  in   the  neighbourhood  of  lime-stone 

mountains, 
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mountains,  in  which  the  fragments  of  Ihne- 
stone  are  frequently  imbedded. 

Peat  is  one  of  the  most  important  produc- 
tions of  alluvial  ground  ;  it  may  be  regarded 
as  belonging  more  properly  to  the  vegetable 
than  the  mineral  kingdom.  Peat  formerly 
covered  extensive  tracts  in  England,  but  is 
disappearing  before  the  genius  of  agricul- 
tural improvement,  which  has  no  where  pro- 
duced more  important  effects  than  in  the 
conversion  of  the  black  and  barren  peat  moors 
of  the  northern  counties  into  valuable  land 
Covered  with  luxuriant  herbage,  and  depas- 
tured by  numerous  flocks.  The  following  de- 
scription of  the  peat  moors  in  Scotland,  by 
Mr.  Jameson,  is  an  accurate  picture  of  the 
remaining  peat  moors  in  the  mountainous 
parts  of  Yorkshire  and  the  adjoining  coun- 
ties. 

'^  In  describing  the  general  appearance  of  a  peat 
moor,  we  may  conceive  an  almost  entire  flat  of 
several  miles  extent,  of  a  brown  colour,  here  and 
there  marked  with  tufts  of  heather,  which  have 
taken  root,  owing  to  the  more  complete  decompo- 
sition of  the  surface  peat;  no  tree  or  shrub  is  to  be 
seen ;  not  a  spot  of  grass  to  relieve  the  eye  in 
\?andering  over  this  dreary  scene.     A  nearer  exa- 

s  nilnatton 
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mination  discovers  a  wet  spongy  surface,  passable 
only  in  the  driest  seasons,  or  when  all  nature  i» 
locked  in  frost  The  surface  is  frequently  covered 
with^a  slimy  black-coloured  substance,  which  is  the 
peat  earth  so  mixt  with  water  as  to  render  tlie 
moss  only  passable  by  leaping  from  one  tuft  of 
heather  to  another.  Sometimes,  however,  the  sur- 
face of  peat  mosses  has  a  different  aspect,  owing 
to  the  greater  abundance  of  heath  and  other  vege- 
tables, as  the  schoeni,  scirpi,  eriophora,  &c :  but 
this  is  principally  the  case  with  some  kinds  of  what 
are  called  muirlands,  which  contain  but  little  peat, 
being  nearly  composed  of  the  interwoven  roots  of 
living  vegetables.  Quick  moss  (as  it  is  called)  is  a 
Substance  of  a  more  or  less  brown  colour,  forms  a 
kiieadable  compound,  and  when  good,  cuts  freely 
and  clean  with  tlie  spade ;  but  when  it  resists  the 
spade  by  a  degree  of  elasticity,  it  is  found  to  be 
less  compact  when  dried,  and  is  of  an  inferior 
qTiality.  The  best  kinds  bum  with  a  clear  bright 
tiame,  leaving  light-coloured  ashes ;  but  the  more 
indifferent  kinds  in  burning  often  emit  a  disagree- 
able smell,  and  leave  a  heavy  red-coloured  kind  of 
ashes.  In  digging  the  peat,  we  obseiTC  that  when 
first  taken  from  the  pit  it  alnK)st  immediately 
chimgcs  its  colour,  which  becomes  more  or  less 
a  deep  brown  or  black,  and  the  peat  matter  be- 
comes  much  altered,  being  incapable  of  forming  a 
kncadable  paste  with  water.  When  dry  and  reduced 
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to  powder,  as  it  is  ofiten  by  the  action  of  the  wea- 
ther^ it  fonns  a  blackish-coloured  powdery  matter, 
capable  of  supporting  vegetation  when  calcareous 
earth  is  added. 

^^  Peat  is  found  in  various  situations,  often  in 
valleys  or  plains,  where  it  forms  very  extensive 
deep  beds,  from  three  to  forty  feet  deep,  as  those 
in  Aberdeenshire :  it  also  occurs  upon  the  sides  of 
mountains;  but  even  there  it  is  generally  in  a  hori- 
zontal situation.  The  tops  of  mountains,  upwards 
of  2,000  feet  high,  in  the  Highlands' of  Scotland, 
are  covered  with  peat  of  an  excellent  kind. 

"  In  Germany  it  is  also  found  at  very  great 
heights ;  thus,  the  Blogsberg,  a  hi^  mountain  in 
Lower  Saxony,  and  the  Brohen,  the  highest  moun- 
tain of  the  Haxtz^  are  also  covered  with  peat.  It 
is  also  fdund  in  situations  nearly  upon  a  level  with 
the  sea :  thus,  the  great  moss  of  Cree  in  Galloway 
lies  close  upon  the  sea,  on  a  bed  of  clay,  little 
higher  than  the  flood  marks  at  spring  tides*." 

A  peat  moor  below  the  level  of  the  sea  ex- 
tends along  the  eastern  coast  of  Lincolnshire 
and  Yorkshire.  Under  the  surface  there  is  a 
forest  of  trees  considerably  below  the  present 
high  water  mark.  From  the  stumps  and  roots 
of  trees  that  may  be  discovered  at  low  water, 
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it  is  supposed  that  the  ground  has  sunk  down 
on  this  coast.  This  forest  appears  to  extend 
under  the  sea.  A  similar  subterranean  forest 
appears  to  extend  under  the  sea  on  the  Lan- 
cashire coast  between  Liverpool  and  Preston, 
and  a  peat  moor  exists  at  a  very  low  level  on 
that  side  of  the  county. 

It  is  deserving  notice  that  the  remains  of 
large  quadrupeds,  found  in  alluvial  ground, 
are  seldom  of  animals  that  exist  in  the  coun- 
tries  where  they  occur,  and  many  of  them  are 
of  extinct  species.  The  remains  have  fre* 
quently  undergone  but  little  change,  and  pre* 
serve  the  constituent  parts  of  common  bone. 

Except  organic  remains  and  the  particles 
of  metallic  matter  found  in  certain  sands  near 
alpine  districts,  alluvial  ground  may  be  con- 
sidered as  more  interesting  to  the  agricultu- 
rist  than  the  geologist.  But  even  here  some 
knowledge  of  geology  is  of  considerable  prac- 
tical importance  in  the  improvement  of  land. 
An  acquaintance  with  the  nature,  position, 
and  inclination  of  the  sub-soil  and  sub-strata 
is  absolutely  necessary  in  order  to  carry  on 
any  extensive  system  of  drainage  iti  the  most 
efficacious  and  least  expensive  manner.  Mr. 
Elkington,  who  first  directed  the  attention  of 

landed 


landed  proprietors  to  this  subject,  and  ex- 
plained the  principles  on.  which  he  proceeded, 
rendered  a  most  essential  service  to  agricul- 
ture :  his  merits  were  scantily  rewarded,  but 
he  may  be  justly  ranked  amobg  the  first  be^ 
nefactors  of  his  country. 
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MINERAL  DYKES 

Mineral  Dykes  inters 
tijied  Rocks : — thei 
Ranarkahk  Dykes 
Dyke. — Volcanic  1 
itire  of  MttalUc  i 
Veins. —  Pipe  Vein 
Opinions  respecting 
Analogous  Facts  ill 
which  Metallic  On 
on  the  Sides  of  Veins 
in  Mines. 

JL  H  A  T  the  superfic 
globe  has  been  fractu 
its  consolidation,  is  p 
that  rocks  and  strata 
sent  to  our  notice.     I 
the   existence  of  ver' 
matter  cutting  throu', 
i>cendiDg    to    unkno\ 
growing  wider  as  the\ 
of  mineral  matter,  wl 
clay,  are  called  dykes  -■  muits.     When  t 
contain  nietdllic  ores  they  are  generally  called 
V£in3. 
'^^    '  Dykes 
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Dykes  are  frequently  filled  with  basalt, 
green-stone,  or  porphyry.  Those  which  in- 
tersect coal  fields  have  been  already  noticed, 
page  181,  and  their  effects  on  the  contiguous 
strata  described.  The  more  usual  substances 
found  in  these  dykes  are  whin-stone  (basalt) 
or  clay. 

The  thickness  of  dykes  varies  from  a  few 
inches  to  twenty  or  thirty  feet  or  yards ;  in 
some  instances  they  exceed  three  hundred 
feet.  The  extent  to  which  they  stretch  across 
-a  country  has  seldom  been  explored  beyond  the 
mining  di^^tricts,  where  a  knowledge  of  them 
is  important  on  account  of  the  disturbances  in 
the  strata  which  they  occasion* 

The  dislocations  of  the  coal  strata  by  faults 
are  repre  sented  plate  II.  fig.  2  and  3.  C.  C. 
and  D.  D.  Dykes  or  faults  generally  decline 
a  little  from  a  vertical  position,  and,  as  be- 
fore stated,  the  depth  to  which  they  descend 
is  unknown. 

The  strata  are  almost  always  thrown  down 
on  one  side  of  a  dyke,  and  elevated  on  the 
other ;  but  the  dislocation  is  not  proportion- 
ed to  the  width.  There  is  a  fault  extending 
from  Whitley  in  Northumberland  to  Green- 

3ide 
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side  and  Sandgate  in  Durham,  which  has 
thrown  down  the  strata  on  the  north  side 
one  hundred  and  eighty  yards;  this  is  a  com- 
paratively narrow  fissure  filled  with  clay.  The 
great  dyke  in  the  same  county »  before  men- 
tioned  in  the  fifth  chapter,  which  is  seventeen 
yards  wide,  has  only  produced  a  dislocation 
of  twelve  yards. 

The  whole  series  of  strata  which  have  beea 
raised  on  one  side  of  a  fault  have  sometimes 
entirely  disappeared. 

The  stone  with  which  dykes  are£lled  is  firer 
quently  harder  than  the  rocks  which  thejria^ 
tersect,  and  remains  after  the  latter  are  dei» 
composed  on  the  surface,  forming  immense 
walls  of  stone :  such  are  met  with  in  the 
counties  of  Northumberland  and  Durham^ 
and  on  the  western  coast  of  Scotland ;  where 
the  violence  of  the  Atlantic  Ocean  has  torn 
away  the  surrounding  rock.  They  may  be 
seen  extending  into  the  sea. 

When  dykes  are  of  considerable  thickness, 
it  is  observed  that  the  mineral  substances 
which  they  contain  yj^ry  in  hardness*;  smne* 
times  the  central  parts  and  sometimes  die 
sides  ar9  harder  or  softer  than  the   other, 

being 
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being  divided  by  seams  or  partings.  This 
may  be  distinctly  seen  at  Coalj  Hill  near 
Newcastle  upon  Tyne,  Tirhere  a  large  basalt 
or  whin  dyke  cuts  through  the  coal  strata^ 
and  rises  to  the  sur&ce.  The  stone  being 
hard  is  quarried  for  the  roads  along  a  line 
of  several  hundred  yards,  forming  a  deep 
trench  sufficiently  wide  to  admit  a  cart  road 
tbroogh  the  quarry  between  the  walls  or  sides 
of  tbe  dyke. 

The  basalt  of  the  dyke  is  intersected  by 
fiasurea,  and  divided  into  variously  shaped 
masses.  In  one  part  of  the  dyke  it  appears 
to*  graduate  into  an  indurated  ferruginous 
clay,  which  is  in  some  places  divided  into 
minate  well-defined  pentagonal  prisms.  This 
dyke  has  produced  the  same  effect  of  char- 
ring the  coal  described  in  the  fifth  chapter, 
page  148.  To  use  the  language  of  the  work- 
man who  was  quarrying  the  stone  when  I 
\isited  the  place,  ^^  it  had  burned  the  coal 
wherever  it  had  touched  it'^  This  dyke  ex-^ 
tends  from  the  sea  to  the  western  side  of  the 
coonty  of  Northumberland ;  its  termination 
ia  that  direction  is  unknown. 

Colomnar  basaltic  rocks  are  sometimes  in- 
tersected 
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tersected  hy  dykes  of  basalt ;  and  it  is  re- 
marked that  the  basalt  in  these  dykes  has 
also  a  columnar  structure,  being  composed  of 
prisms,  which  are  laid  horizontally,  or  in  a 
contrary  direction  to  the  position  of  the  co- 
lumns in  the  range.  Those  who  suppose  that 
basaltic  rocks  had  an  igneous  origin  consider 
this  circumstance  as  favourable  to  the  hypo- 
thesis. The  melted  basalt  ejected  into  the 
dyke  would  first  begin  to  cool  and  crystallize 
D^ere  it  was  in  contact  with  the  rock  on  each 
bide  of  it :  hence  the  diminution  of  temparap 
tures  acting  laterally,  has  given  to  these  prisms 
an  horizontal  position.  On  the  contrary,  the 
columns  in  the  range  were  formed  by  a  dimi- 
nution of  temperature,  commencing  in  a  ver^ 
tical  direction,  which  must  have  been  the  case 
whether  they  were  formed  on  land  or  under 
the  ocean. 

If  dykes  have  been  formed  by  the  expan- 
sive force  of  subterranean  heat  breaking  the 
surface,  and  forcing  melted  matter  into  the 
fissure,  we  may  expect  to  find  rocks  and  strata 
much  torn  and  dislocated  in  their  vicinity; 
and  such  is  generally  the  case.  Also  where 
a  mountain  or  rock  rbes  abruptly,  and  the 

beds 
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beds  or  strata  are  thrown  into  opposite  direc- 
tions, we  may  presume  the  existence  of  a 
dyke  or  fault,  which  has  produced  the  irregu- 
larity we  ohserve.  More  frequently,  bow- 
eveVj  a  series  of  fissures  or  faults  of  greater 
or  less  magnitude  may  be  found  near  the  de- 
clivities of  very  abrupt  mountains :  thus,  on 
the  western  side  of  the  mountainous  range 
which  separates  Yorkshire  from  Lancashire 
and  Cheshire,  the  ground  near  the  declivities  ' 
of  these  mountains  is  so  much  broken  by  a 
succession  of  faults,  that  it  renders  mining 
operations  exceedingly  uncertain  and  diffi- 
ctdt.  In  some  instances  the  precipitous  sides 
of  mountains  or  rocks  have  been  formed  by 
the  action  of  currents,  when  the  relative  Tevel 
of  the  sea  has  been  much  higher  than  at 
present. 

The  longest  mineral  dyke  that  has  been 
traced  in  England  may  be  called  the  Cleve- 
land Basalt  Dyke:  it  extends  from  the  western 
side  of  Durham  to  Bewick  in  Yorkshire ;  it 
crosses  the  river  Tees  at  this  place,  and  pro- 
ceeds in  a  waving  line  through  the  Cleveland 
Hills  in  the  East  Riding  of  Yorkshire  to  the 
sea  between  Scarborough  and  Whitby.  It 
lises  to  the  surface,  and  is  quarried  in  many 

parts 
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pfirts  of  its  course  for  stone  to  lay  upon  the 
roads.    From  Berwick  on  the  Tees  it  may  be 
traced  in  an  easterly  direction,  neat  the  vil- 
lages of  Stanton,  Newby,  Nunthorp  and  Ay- 
ton.  At  Langbath  ridge  a  quarry  is  worked  in 
it;  it  passes  south  of  the  remarkable  hill  called 
Roseberry  Toppin,  near  Stokesly,  and  from 
thence  by  Lansdale  to  Kildale ;  it  may  be 
seen  on  the  surface  nearly  all  the  way  in  the 
above  track.     From  Kildale  it  passes  to  Den- 
bigh Dale  end,  and  through  the  village  of 
Egton  bridge,  and  hence  over  Leace  ridge 
through  Gothland,  crossing  the  turnpike  road 
from  Whitby  to  Pickering  near  the  seven 
mile  stone,  at  a  place  called  Sillow  Cross  on  a 
high  moor.    I  examined  it  at  this  place«  where 
it  is  quarried  for  the  roads,  and  is  about  ten 
yards  wide.    From  hence  it  may  be  traced  to 
Blea  Hill  near  Harwood  Dale,  in  a  line  towards 
the  sea,  near  which  it  is  covered  with  alluvial 
soil;  but  there  can  be  no  doubt  that  it  ex- 
tends into  the  German  ocean.     It  is  a  dark 
grayish  brown  basalt  which  turns  brown  on 
exposure  to  the  atmosphere;  it  is  the  prin- 
cipal material  for  mending  the  roads  in  the 
district  called  Cleveland.     I  am  indebted  to 
Mr.  Bird  of  Whitby  for  an  account  of  tb$ 

situations 
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Situations  where  it  may  be  seen  on  the  sur* 

fiure.  He  has  traced  it  through  Yorkshire  and 
Durham ;  in  the  latter  county  it  cuts  through 

the  coal  strata.    The  dyke  described  as  ex- 
tending to  Cockfield  and  charring   the  coal 
on  each  side  of  it^  is  in  fact  a  continuation  of 
this  great  dyke.     According  to  Mr.  Bird,  it 
crosses  the  river  Tees  again,  near  Tees  Force, 
andy  expanding,  forms  the  great  mass  of  ba-- 
salt  on  the  western  e^etremity  of  Durham, 
taking  the  columnar  form  in  various  parts, 
particularly  at  High  Cup,  a  deep  circular  ex- 
cavation on  the  side  of  Cross  Fiell.    The  spe- 
cimens of  the  stone  shown  me  by  Mr.  Bird 
from  this  district,  are  more   crystaUine  and 
less  homogeneous   than   that  in  Cleveland, 
being  that  variety  called  green-stone,  consist- 
ing of  hornblende  and  felspar.     The  course 
of  this  dyke  is  marked  in  the  Geological  Map 
of  England,  plate  IV.  By  consulting  the  large 
Qiaps  of  England  the  course  may  be  distinctly 
traced :   dmwing  a  line  in  the  direction  from 
Cockfield  in  the  county  of  Durham  to  Bf*- 
wick  on  the  Tees,  and  extendins:  it  east  and 
west,  it  will  pass  near  all  the   places  above 
meutioncd. 
There  is  another  remarkable  dvke,  which 

Classes 
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crosses  the  western  extremity  of  Durham, 
from  Allen  Heads  to  Burtreeford  on  the  Tees 
hence,  called  the  Burtreeford  dyke.  It  thrown 
down  the  strata  on  the  west  side  of  it  one 
hundred  and  sixty  yards.  As  this  dyke  rims 
nearly  north  and  south,  it  must  cross  the 
great  dyke  north  of  Burtreeford.  The  pha- 
npmena  attending  this  junction  will  form  an 
interesting  subject  for  future  investigation*. 

The 

« 

*  Mr.  Farey,  in  his  Survey  of  Derbyshire,  has  described 
a  great  fault  commencing  near  Nottingham,  and  extend- 
ing in  a  westerly  direction  by  Ashbum,  and  from  thence 
into  Cheshire,  where  it  turns  northward,  and  extends  to 
Lancashire  or  Yorkshire.  This  he  has  called  the  great 
Derbyshire  Fault,  and  has  traced  its  course  on  a  map  of 
that  part  of  England. — Foray's  Survey  of  Derbyshire, 
vol.  i.  91^. 

I  confess  I  could  discover  no  indications  of  the  existence 
of  this  fault,  having  attentively  examined  part  of  the 
country  through  which  it  is  said  to  range;  nor  has  Mr. 
Farey  stated  any  particulars  respecting  its  thickness,  or 
the  mineral  substances  with  which  it  is  filled.  So  )ar  from 
any  dislocation  of  the  strata  being  perceptible,  the  bedi 
of  the  sand-rock  at  Nottingham  are  nearly  horizonttHf 
divided  by  seams  which  contain  rounded  pebbles:  dit 
strata  at  Ruddington  hills  on  the  opposite  side  of  the  vale 
are  but  little  inclined ;  the  strata  in  the  vale  are  nea^ 
horizontal,  wherever  wells  or  excavations  havie  been  made. 
No  disturbing  force  appears  to  have  changed  their  po- 
sition 
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The  Cleveland  dyke  has  been  traced  in  a 
direct  Une  more  than  seventy  miles.  A  cir- 
cumstance attending  this  and  other  extensive 
dvkes*  which  has  noty  I  believe,  been  hitherto 
regarded  by  geologists,  completely  invali- 
dates the  theory,  that  dykes  were  originally 
op^n  fissures  formed  by  the  drying  or  shrink- 
ing in  of  the  rocks.  This  dyke  in  its  course 
intersects  very  different  formations,  viz.  the 
metalliferous  lime-stone,  the  coal  district,  and 
the  hills  of  aluminous  schistus.  The  differ- 
eat  organic  remains  in  these  formations,  as 
well  as  their  position,  prove  that  they  were 
consoUdated  at  distant  periods  of  time.     In- 


litkm  since  their  formation.  Had  a  fault  existed  which  rent 
the  island  from  Nottingham  to  Macclesfield  in  Cheshire, 
it  YTOttld  have  left  no  dubious  marks  of  its  existence  in 
emy  part  of  its  course. 

Though  I  differ  from  Mr.  Farey  in  some  of  his  opinions 
icq)ecting  the  geology  of  Derbyshire,  I  feel  great  pleasure 
in  bearing  my  testimony  to  the  general  accuracy  of  his 
MtemeBts.  His  Survey  of  Derbyshire  contains  much 
vdoahle  infiirmation,  and  ought  to  be  in  the  library  of 
tvay  landed  proprietor  in  that  part  of  England.  Had 
the  description  of  facts  been  kept  more  distinct  from  the 
lectures,  and  the  lists  of  mines,  &c.  been  detached 
inmithe  narrative,  it  would  have  been  more  generally  in- 
ttmting,  and  its  merits  better  appretiated. 

deed 
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deed  the  geolo^sts  who  maintain  that  dykes 
were  formed  as  before  described^  are  ready 
to  admit  the  distant  ceras  of  these  formations. 
The  metalliferous  hme-*stone  and  the  lower 
strata  must  have  been  completely  consc^ 
dated  long  before  the  apper  strata  were  de- 
posited, and  the  causes  which  might  dispose 
the  upper  strata  to  shrink  in,  cannot  be  sup- 
posed  to  act  on  the  lower  rocks.  It  is  also  to 
be  remarked  that  in  the  lower  rocks,  situated 
to  the  west,  the  breadth  of  this  dyke  is  more 
than  twenty  yards;  but  at  Sillow  Cross,  where 
I  measured  it,  it  is  not  more  than  ten  yards. 
This  dyke  must  therefore  become  wider  ails  it 
descends.  It  must  also  have  been  filled  at 
the  time  of  its  formation,  otherwise  it  would 
have  contained  numerous  fragments  of  the 
rocks  which  it  intersects.  As  it  passes  through 
the  lime-stone  on  the  west,  I  am  informed 
that  the  latter  is  more  crystalline  in  the  vi- 
cinity of  the  dyke.  Its  effects  in  charring 
the  coal,  and  the  formation  of  sulphur  on 
the  contiguous  strata  before  described,  point 
to  subterranean  fire  as  the  original  cause  ol 
its  formation,  and  as  the  source  whence  llie 
basalt  which  fills  it  was  supplied.  When  we 
also  consider  the  close  resemblance  between 

basalt 
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ill  and  compact  lava,  both  in  appearance 
and  constituent  elements,  I  think  we  can 
8carct.'lv  hesitate  in  admitting  that  this  great 
dyke  was  formed  by  an  expansive  force  ope-  ■ 
rating  from  below,  which  opened  a  chasm  in 
the  surface  of  the  earth,  and  ejected  the  con- 
tents in  a  state  of  fusion.  Nor  will  it  lessen 
the  probability  of  this  mode  of  formation, 
that  wc  have  actuul  instances  of  similar  phat- 
nomena  taking  place  in  our  own  times,  both 
ill  Europe  and  America. 

On  the  12th  of  June  1794,  after  violent 
shocks  of  an  earthquake  had  been  felt  at 
Naples  and  in  the  neighbourhood,  avast  rent 
was  made  on  the  western  side  of  the  base  of 
Vesuvius  two  thousand  three  hundred  ami 
levent^-five  feet  in  length  and  two  hundred 
and  thirty-seven  feet  in  breadth,  through 
which  lava  v/aa,  thrown  up  to  the  surface.  This 
lava  when  cooled  formed  a  wall  of  stone  in- 
terjecting the  former  beds  of  lava,  and  con- 
stituting a  real  dyke.  It  has  a  dark  gray 
colour,  and  is  in  some  parts  so  compact  as  to 
resemble  horn-stone;  it  strikes  6rewith  steel, 
and  tike  many  basaltic  rocks  it  yields  an  earthy 
smell  when  breathed  upon. 

Ttve  mapner  ]ja  vthich  dykes  hold  up  the 
r  ,  water 


274  lun'iLXXic  vsiNi. 

water  was  before  stated.  From  this  circum- 
stance it  frequently  happens  that  numerous 
springs  make  their  appearance  along  the 
course  of  the  dyke,  and  hence  it  may  some- 
times be  detected  where  no  other  indication 
of  it  is  visible  at  the  surface. 

Veins  of  quartz,  and  also  of  slate  and 
granite,  and  various  earthy  minerals,  without 
any  metallic  ores,  frequently  intersect  gra- 
nitic and  schistose  rocks.  These  are  cloaely 
united  with  the  rock,  and  appear  to  graduate 
into  it :  hence  we  can  scarcely  doubt  that 
they  were  either  formed  at  the  same  time, 
and  are  what  have  beeu  called  cotemporane- 
ous  veins ;  or  that  the  rock  and  the  substance 
of  the  vein  have  been  in  a  confluent  state 
at  the  same  time,  whatever  may  have  been 
the  process  by  which  it.  was  effected. 

The  principal  repositories  of  metallic  ores 
are  also  called  veins.  Rake  veins  or  perpen- 
dicular veins  resemble  mineral  dykes  in  posi*^ 
tion,  but  not  in  their  contents.  Dykes  inter- 
sect every  kind  of  fock,  but  metallic  vdns 
are  principally  confined  to  primary  and  transi- 
tion or  lower  secondary  rocks. 

Metallic  veins  are  often  separated  from  the 
rocks  they  intersect,  by  a  thin  wall  or  lining 

of 


of  miQeral  sui^taoces  distinct  from  the  rock, 
and  sometimes  also  by  a  layer  of  clay  on 
each  side  of  the  vein.  The  same  sqbstaace 
whidi  forms  the  outer  coat  of  the  vein  is  also 
frequently  intermixt  with  the  ore,  or  forms 
layers  alternating  with  it :  this  is  called  tlia 
matrix,  gangue,  or  vein-stone.  It  appears 
as  if  the  ore  and  the  vein-stone  had  been 
formed  over  each  other,  on  the  sides  of  the 
veiDy  at  di£ferent  times,  till  they  met  and 
filled  up  the  fissure. 

Sometimes  the  ore  extends  in  a  compact 
mass  firom  one  side  of  the  vein  to  the  other. 
Not  unfrequently  there  are  hollow  spaces  in 
Teins,  called  drusest  which  are  lined  with 
crystals.  In  these  cavities  the  most  beautiful 
and  regular  crystalhne  forms  are  obtained. 
Metalhc  veins  often  divide  and  unite  again, 
and  sometimes  they  separate  into  a  number 
of  smaller  branches  called  strings.  To  what 
depth  metallic  veins  descend  is  not  known, 
nor  is  it  ascertained  whether  they  generally 
grow  wider  or  narrower  in  their  descent.  The 
opinions  of  miners  on  this  subject  are  so  va- 
rious, that  it  may  fairly  be  inferred  that  they 
difier  in  this  respect  in  different  ^tuatlons. 
No  instances  I  believe  have  occured  of  a  vein 
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being  worked  out  in  depth,  though  it  often 
grows  too  poor  to  repay  the  labour  of  work- 
ing deeper :  more  frequently  the  further  de- 
scent of  the  miner  is  stopped  by  the  diffi- 
culty of  removing  the  water.  Veins  are 
seldom  rich  in  ore  near  the  surface,  but  in- 
crease  in  richness  as  they  descend,  and  at 
greater  depths  become  poorer  again.  When 
Pryce  wrote  the  Mineralogy  of  Cornwall,  it 
was  believed  that  the  richest  state  of  a  mine 
for  copper  in  that  county  was  from  eighty  to 
one  hundred  yards  deep,  and  for  tin  from 
forty  to  one  hundred  and  twenty  yards.  This 
account  by  no  means  agrees  with  the  present 
state  of  the  Cornish  mines.  Copper  and 
tin  are  procured  in  considerable  quantities  at 
the  depth  of  four  hundred  and  .fifty-sis  yards 
in  the  Dolcoath  mine.  The  Ecton  copper 
mine  in  Staffordshire  is  now  worked  at  the 
depth  of  four  hundred  and  seventy-two  yards: 
it  is  the  deepest  mine  in  England*  The  deep- 
est mine  that  has  been  worked  in  Europe,  or 
iji  any  part  of  the  world,  is  one  at  Trutten* 
berg  in  fiohemia,  which  is  one  thousand 
yards  below  the  surface. 
.  Metallic  veins  frequently  contain  different 
ores  at  various  depths.    Iron  ore,  copper  ore» 

cobalt 
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coppcirorein  the  lowest  part,  silver  oreabove,- 
and  o\er  that  iron  ore. 

In  Cornwall,  blende,  a  sulphuret  of  zinc, 
frequently  abounds  in  the  upper  part  of  veins- 
that  become  rich  in  copper  as  they  de5cend| 
the  blende  rart-ly  continuing  to  any  consi^ 
(ierable  depth.  In  the  same  district  tin  Is 
also  commontv  found  al:  a  small  depth  in  . 
veins  which  afterwards  prove  rich  in  copper. 
"  Among  other  instances  that  might  be  . 
<luotpd,  are  the  two  deep  extensive  copper 
mines  CHllfJHuel  Unity  and  Cook's  Kitchen, 
both  of  which  were  worked  for  tin  at  first. 
Id  both  the  tin  was  soon  extracted ;  but  it 
thould  be  noted  as  an  uncommon  circum- 
itance,  that  in  tlie  latter  mine,  after  working 
to  the  depth  of  one  hundred  and  eighty  fa- 
ihom."*,  firil  through  tin  and  afterwards  through 
coppen  tin  was  found  again,  and  has  con- 
Unued  down  to  its  present  depili  of  two  han-< 
dred  and  ten  fathoms  from  the  surfiice.  It 
ought  however  to  be  added,  that  some  por- 
lioD  of  tin  was  found  in  different  parts  of  tlie 
leiai  which  may  tlierefore  be  said  to  have 
prevailed 
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prevailisd  more  or  less  from  the  surfiuse  to  the 
present  workings*." 

The  thickness  of  veins,  and  the  quantity 
and  quality  of  the  ore  they  contain,  vary  to 
every  mine,  ^ome  veins  are  only  a  few  inchd 
wide ;  others  are  several  feet,  and  somelnies 
several  yards,  in  width.  Veins  are  often  nar- 
n>w  in  one  part,  and  swell  out  in  another. 
The  vein  at  the  Dolcoath  mine  in  Cornwall 
varies  from  two  or  three  feet  to  forty  feet,  and 
in  some  places  it  contracts  to  little  more  than 
six  inches.  The  vein*8tone  is  quartz,  in  which 
are  imbedded  masses  called  bunches  of  cop- 
per pyrites,  consisting  of  copper  united  tnth 
sulphur. 

Beside  rake  veins  there  are  other  nunerai 
repositories,  called  flat  veins  or  flat  worksi 
and  pipe  veins.  In  some  instances  a  rak^ 
vein  declines  from  its  regular  inclination,  aiiv 
has  taken  the  direction  of  the  beds  or  straf* 
for  a  greater  or  less  extent,  and  then  resnm^^ 
its  former  incliniition.  In  other  instance 
the  cavities  between  beds  or  strata  are  fillip 
with  metallic  ores,  lying  between  an  upp^i" 
and  lower  stratum,  like  a  seam  of  coal,  an^ 
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are  subjeet  to  Bimilar  dislocations :  but  th^se 
ape  not  regular  strata;  they  may  frequently 
be  traced  to  a  perpendicular  or  rake  vein, 
from  which  they  appear  to  be  lateral  ei^ 
pansions ;  see  plate  Vil.  iig.  3 ;  though  there 
is  generally  what  is  called  a  rider  or  mass 
of  mineral  matter  between  the  ore  of  very 
strong  rake  veins,  and  that  in  the  flat  veins 
at  the  place  of  junction.  Though  flat  veins 
run  parallel  between  the  strata^  they  fre- 
i]uetitly  open  into  large  cavities  filled  with 
ore  and  vein-stone :  these  cavities  close  again 
by  the  contractingf  or  what  the  miners  call 
twitching  of  the  sides,  by  which  the  ore  is 
nearly  or  totally  excluded.  Such  expansions 
and  twitchings  are  also  common  to  rake 
veins,  and  are  represented  &t  C  C,  plate  II. 

fig.  4. 

The  blue  John  or  fluor  spar  mine  near 
.Castleton  is  of  this  kind.  The  vein  which 
contains  this  spar  is  separated  from  the  lime- 
stone rock  by  a  lining  of  cawk  or  sulphat  of 
barytes,  and  by  a  thin  layer  of  unctuous 
clay ;  it  swells  out  into  large  cavities,  which 
contract  again  and  entirely  exclude  the  ore, 
leaving  nothing  but  the  lining  of  the  vein  to 
cendnet  the  miner  to  another  repository  of 

tlie 
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the  spar.  The  crystallizafaons  and  tnimral 
incrustations  on  the  roof  and  sides  of  the  na- 
tural caverns  which  are  passed  thrpugh  in 
this  mine,  far  exceed  in  beauty  those  of  any 
other  cavern  in  England ;  and  were  the  de- 
scriptions of  the  grotto  of  Antiparos  trans- 
lated into  the  simple  language  of  truth,  I  am 
inclined  to  believe  it  would  be  found  inferior 
in  magnificence  and  splendour  of  mineral  de- 
coration to  the  natural  caverns  in  the  fluor 
mine.  This  mine  is  rarely  visited  by  travelp 
Iws :  the  descent  is  safe,  but  the  roof  being 
low  in  some  parts  it  is  rather  difficult  of 
access. 

When  a  flat  vein  runs  parallel  with  the 
beds  or  strata  of  a  mountain  to  a  consider- 
able extent,  it  has  frequently  been  confounded 
with  the  regular  beds,  of  the  mountain,  ami 
supposed  to  be  of  cotemporaneous  origiut  9nc|: 
a  distinct  formation,  from  veins.   Iron,  which . 
is  universally  disseminated  through  the  mi*  - 
neral  kingdom,  most  commonly  occurs  in 
'  beds  forming  an  original  part  of  rocks :   but, 
besides  iron  and  manganese,  it  may  be  doubted 
whether  what  are  called   metallic  beds  are 
not  properly  flat  veins,  which  have  taken  tbt . 
same  direction  with  the  regular  seams  or 

strata 


strata  of  the  rock.  I  am  not  aware  of  anj 
regular  metallic  beds  in  our  island,  which 
may  not  be  considered  as  flat  veins,  except 
beds  of  iron  ore  or  nianganesp,  and  per- 
haps of  bituminous  marle-slate  impregnated 
with  copper. 

Tlif  pipe  vein  maybe  described  as  a  tu?- 
bular  mass  of  ore  and  vein-stonegenerally  de- 
JCeDdinginthedirection  of  the  beds,  and  widen- 
ing anti  contracting  in  its  course.  In  reality, 
the  pipe  vein  is  a  variety  of  the  flat  veio 
having  the  ^ideM  closed  or  twitched  in,  so  as 
to  from  a  tube  or  cavity  of  irregular  shape 
sind  of  very  limited  extent  along  the  line  of 
bearing,  but  descending  to  a  great  depth. 
Masses  of  ore  are  occasionally  found  de- 
tached, without  any  apparent  connection  with 
the  surface  or  other  metallic  veins.  Ores  are 
also  sometimes  disseminated  through  rocks, 
of  whicli  they  appear  to  tbrm  an  original  con- 
stituent  part. 

One  metallic  vein  often  crosses  or  cuts  ' 
through  another  and  displaces  it :  lo  such  in- 
stances it  is  evident  that  the  vein  which  is 
cut  through  most  be  more  antient  than  that 
which  intersects  it.  This  observation  respect- 
ing the  relative  ages  of  veins  was  first  made 
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fay  Mr.  Prycd  in  his  Mineralogia  Cornubi- 
6nsist  The  difTerent  position  of  veins  is  re- 
presented in  plate  11.  fig«  4^  >vhere  a  a  is  a 
trein  intersecting  a  rock ;  it  divides  in  part 
jof  its  coarse  and  unites  again,  aiid  finally 
branches  off  into  small  strings.  In  many  ia- 
fitances  these  strings  lead  to  a  further  con- 
tinuation of  the  vein ;  perhaps  this  would  hb 
&und  to  be  the  case  in  all,  were  the  work«- 
ings  carried  on  in  the  same  direction.  6  6  is 
another  vein  which  cuts  through  the  former, 
and  has  thrown  the  lower  part  of  the  vein  a 
oat  of  its  course.  Sometimes  one  vein  passes 
llirough  another  without  changing  its  di- 
acbtion.  When  one  vein  crosses  another 
which  has  an  opposite  inclination,  it  is  ob- 
asrved  that  they  often  become  poorer ;  but 
when  two  veins  which  have  the  same  general 
inclination  unite,  they  are  most  frequently 
very  rich  in  ore  at  the  junction ;  (plate  VIL 
fig.  4.  a  and  b)  and  when  a  number  of  v^s 
cross  each  other  at  one  place,  they  some- 
times form .  a  cone  or  mass  of  ore  of  pro- 
digious si2e,  widening  as  it  descends.  Such 
are  called  accumulated  veins.  They  occur 
in  the  mining  district  of  Durham  and  North- 
umberland in  the  metalliferous.  lim^toQe. 

The 
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excavation  formed  when  the  ore  is 
worked  out  resembles  in  shape  the  inside  of 
a  large  glass  furnace. 

The  direction  of  rake  veins  is  not  very  re- 
gular. In  Enfj|and  the  principal  veins  gene- 
rally run  nearly  east  and  west,  and  north- 
east and  south-west ;  but  have  frequently  un- 
dulations and  deviations  from  a  straight  line: 
the  most  powerful  veint  are  more  regular  in 
their  course  than  sniiiller  ones.  Where  two 
veins  in  the  same  district  have  the  same  di- 
rection, or  run  paralle!,  it  is  observed  that 
their  contents  are  similar ;  but  where  they 
run  in  different  directions  the  contents  varji 
MohnM  in  his  mteresting  History  of  Chili 
mentions  a  vein  of  silver  at  Uspalata,  In  the 
Andes,  which  is  nine  feet  in  thirkness  through^ 
out  its  whole  extent,  and  has  been  traced 
ninety  miles.  Smaller  veins  branch  oft'  from 
each  side  of  it,  and  penetrate  the  neighbour 
ing  mountains  to  the  distance  of  thirty  miles. 
It  is  l)elicved  that  this  vein  stretches  to  thd 
distance  of  three  hundred  miles,  A  vein 
called  the  Tidswell  Rake,  in  Derbyshire,  ex-  i 
tends  some  miles  east  and  west;  it  is  worked 
from  the  surface,  and  may  be  seen  near  thfl 
toad  side  between  Great  HuckJow  and  Tids^ 
veU. 
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trelL  It  18  lost  at  its  two  extremities  by  the 
lime  rock  which  it  intersects  dipping  under 
other  rocks;  but  in  the  opinion  of  miners 
who  have  worked  in  North  Wales,  the  sanie 
vtM  rises  again  in  the  lime  rocks  of  that  di- 
Jlrict. 

tn  Gomwall  and  Devonshire,  and  in  the 
uuses  of  Northumberland  and  Durham,  the 
plincipal  metallic  veins  range  nearly  east  and 
wtst.  In  the  former  counties  they  are  called 
lodeSf  in  the  latter  right  running  veins.  The 
noith  and  south  veins  which  intersect  them 
iM  cdled  cross  courses,  these  are  seldom 
pfoductive  of  ore.  In  Cornwall  silver  and 
cobalt  have  been  found  in  some  of  the  cross 
courses.  And  in  Northumberland  and  Dur- 
ham the  cross  courses  contain  ore  near 
tlieir  junction  with  the  principal  veins.  In 
Cornwall  the  cross  courses  displace  the  east 
and  west  veins ;  the  displacement  is  only 
a  few  inches  in  some  veins,*  in  others  it  is 
seyeral  fathoms.  On  Alston  Moor  in  Cum- 
berland a  large  cross  course  called  Old 
Carres  cross  vein  cuts  through  two  veins 
called  Goodham  Gill  vein  and  Grass  Field 
hill  vein,  and  has  thrown  them  aside  about 
fifteen  or  twenty  fathom.     When  th^  cross 

course 
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urse  intersects  the  east  and  west  veins  ai 
{lit  angles,  the  displacement  is  generally 
an  when  it  strikes  it  in  an  oblique  di- 
:tion.  This  effect  will  be  more  clearly  con- 
jlived  by  referring  to  plate  VII.  fig.  3,  which 
^supposed  to  represent  a  ground  plan  of  the 
ncipal  veins  intersected  by  a  cross  course. 
Psirticular  metallic  ores  are  peculiar  to  cer- 
lAiv.  rocks.  Thus,  tin-ore  occurs  in  granite 
and  some  kinds  of  slate,  but  has  never  been 
found  in  hme-stone.  Certain  ores  are  also 
associated  together:  thus  lead  and  zinc  al- 
most always  occur  in  the  same  vein,  but  in 
different  proportions.  Metals  are  rarely  found 
in  a  native  state,  except  platinn,  gold,  silver, 
and  copper.  They  are  usually  combined  with 
some  substance  by  which  they  are  mineral- 
ized, which  is  either  oxygen,  sulphur,  or  an  ' 
acid;  someiimes  they  are  combined  wjth'^ 
otlier  nietats,  anil  form  alloys.  Different " 
combinations  of  the  same  metal  exist  in  one 
vein.  Native  copper,  sulphuret  of  copper, 
carbonate  of  copper,  or  malachite,  sulphat 
of  copper  or  blue  vitriol,  and  copper  com- 
bined with  lead  and  iron,  frequently  occur 
ether  in  the  same  mine. 
ilena,  a  sulphuret  of  lead,  is  often  &i- 
socUtut 
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aocial^d  with  white  lead  ore,  or  carbonate  of 
hfud.  The  latter,  though  a  rich  ore  contmn- 
kig  seventy  per  cent,  of  lead,  has  no  rae- 
iiillic  appearance,  and  was  mistakea  for  cawk 
and  thrbwi^  away  by  the  miners  in  Derby- 
shire until  thayear  180S  or  1804.  The  mineB 
of  that  county  have  been  worked  since  the 
time  of  the  Emperor  Adrian,  and  the  quantity 
of  ore  which  has  been  wasted  during  that 
period  must  have  been  immense^. 

In  what  manner  metallic  vetna  were  filled 
wUb  ore  hap  greatly  divided  tbe«  opinions  .of 
geologists.  Dr.  Hutton  supposes  that  both 
dykes  and  veins  were  filled  with  t^eir  coo- 
tents  in  a  state  of  fusion  by  injection  from 
below,  <  the  expansive  force  of  the  melted 
matter  having  cracked  the  surface  and  opened 
a  passage  for  its  reception.  That  many  dykes 
were  so  formed  I  think  probable  from  circum- 

*  In  1810  few  of  the  working  miners  could  distinguish 
compact  white  lead  ore  from  cawk  or  sulphatof  barytes; 
their  specific  gra^tr  and  appearance  are  not  very  diflfer- 
ent.  The  following  test  is  of  easy  application,  and  will 
serve  to  discover  the  presence  of  lead-  If  a  small  quan- 
tity of  flower  of  brimstone^  mixt  with  a  little  potash  or 
soda,  be  melted  on  the  point  of  a  knife,  in  a  candle^  and 
applied  to  the  moistened  surface  df  the  stone.  It  iirill  make 
a -black  spot  if  the  mineral  contmn  white  lead  ore. 

stances 
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ances  previously  stated.     Other  dykes  ap- 
ar  to  have  been    open    fissures    filled   by 
oteriaU  washed  from  the  surface,  and  con- 
nn  rounded  stones  and  sometimes  undecayed 
legetable  matter.     From  a  dyke  of  cloy  in 
I  coal  mine  in  Yorkshire,  two  hundred  and 
fleen  feet  deep,  I  have  drawn  out  long  vege- 
table   fibres,    apparently  roots;    the   uoody 
part  of  which  wa?  unchanged,  and  burned 
like  the   roots  of  common  weeds.     Werner 
supposes  all  veins  and  dykes  were  first  pro- 
duced by  the  shrinking  of  the   materials  of 
faich  mountains   are   composed  ;   and   that 
letallic  veins  have  been  filled  from  above  by 
s  ores  in  a  state  of  solution.     This  theory 
been  advanced  with  much    coniidence, 
warmly  supported    by  many  geologists: 
Dt  I  have  no  hesitation  in  asserting  that  it 
i  demonstratively  repugnant    to   facts :    in- 
h\,    the   iniphcit  credit   which    has    been 
»  to  Mr.  Werner's  dogmas  on  this  sub- 
is  one  among   numerous    instances  of 
ten  of  distmguislied   talents  resigning  their 
dgement  to  authority,  and  supporting  the 
wst  absurd   propositions  when  confornmble 
^tiicir  favourite  hypotheses.     If  veins  were 
1  by  metriliic  solutions  from  above,  these 
solutions 
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volutions  must  have  covered  the  highest  moun- 
tains over  the  whble  earth;  and  instead  of 
finding  metallic  ores  in  the  present  confined 
repositories,  they  would  fill  all  the  cavities 
and  valleys  in  every  part  of  the  world.  As 
thb  theory  supposes  likewise  that  veins  were 
formed  at  different  times,  a  number  of  these 
metallic  solutions  would  succeed  each  other, 
and  we  should  find  regular  strata  of  ore  in 
idl  primary  and  transition  rocks;  and  the 
quantity  formed  by  these  deep  seas  of  me- 
tallic matter  would  be  inconceivably  great*. 
This  theory  is  decidedly  invalidated  by  the 
following  fiicts.  When  a  metallic  vein  passes 
through  different  kinds  of  rock,  it  is  gene- 
rally observed  that  the  quality  of  the  ore 
raries  with  that  of  the  rock  through  which 
it  passes;  and  even  different  beds  of  the 
same  rock  are  more  productive  than  others, 
and  are  called  by  miners  bearing  measures. 
This  is   the   case,  in  Durham,  Derbyshire, 

*  Metallic  ores  may,  in  some  instances,  have  been 
formed  in  fissures  which  were  once  open  at  the  top^  or 
veins  may  have  been  reopened  by  a  subsequent  eonvulsion. 
The  round  pebbles  which  are  sometimes  found  in  veint 
prove  that  there  must  in  such  instances  have  been  a  con* 
aection  with  the  surface. 

Cornwall, 
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ornwall,  and   probably  in  every  mining  di- 

trict  in  England  and  Walfis. 

'  Not  only  does  the  variation  in  the  nature 

the  rock  occasion  a  change  in  the  quan- 

r  or  quahty   of  the  ore,  but  the  mineral 

obstance  or  matrix  which  accompanies  ores 

pnerally  varies   in  different  kinds  of  rock. 

[Quartz  and  barytes  are  more  frequent  in  gra- 

l'<ffite  and  slate  rocks  than  calcareous  spar.    In 

IttUcareous  mountains  quartz   is  more  carely 

he  prevailing  matrix.     In    the   counties  of 

Barhiim    and    Northumberland,    veins    pass 

lirough    siliceous    sand-stone,    argillaceous 

ale,  and  lime-stone.  The  ore  is  more  abun- 

BDt  in   the  lime-stone  than  the  sand-stone, 

^d  in  the  shaleprovin  cially  called  plate,  ore 

fcry  rarely  if  ever  occurs.     In  one  mine  at 

relhope  the  matrix  of  the  vein,  as  it  passes 

Brough  the  sand-stone,  is  caulk  or  the  sul- 

lat  of   barvtes ;   but  when   it    enters    the 

ine-stone  it  changes  to  carbonate  of  barytes 

balls  having  a  radiated  diverging  struc- 

But  what  is   still  more  deserving  of 

tice,  when  the  rock  on  one  side  of  a  veia 

#-<hrown  up  or  down  considerably,  so  as  to 

ng  a  stratum  of  lime-stone  opposite  a  stra- 

I  of  sand-stone,  or  when  what  are  called 

u  the 
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the  walls  or  cheeks  of  the  vein  are  of  two 
difTcrent  kinds  of  storie^  (see  plate  VII.  fig*  5.) 
the  vein  is  never  so  productive  ii>  ore,  as 
when  both  sides  of  the  vein  are  of  the  same 
kind«  This  fact  alone  seems  sufficient  to  in* 
validate  tl>e  theory  of  Werner,  that  vems 
were  filled  with  metallic  solutions  poured  iti 
from  the  upper  part.  Had  this  bee&  the 
case,  the  nature  of  tbie  rock  could  have 
made  no  difierence  in  the  quality  or  quan« 
filv  of  the  ore. 

Mr.  Werner  in  his  Treatise  of  Veins,  states 
one  instancet  as  if  it  were  extraordinary,  of 
the  ore  changing  itik  quality,  as  the  vein 
passed  through  different  rocks,  and  is  inclined 
to  admit  thatelective  affinity  for  the  rock  may 
have  contributed  to  the  effect.  The  circunv- 
stance,  so  far  from  being  extraordinary,  is 
of  common  occurrence,  and  known  to  all 
working  miners.  The  entire  cessation*  of  the 
ore  in  one  part  of  a  rock,  and  its  re-appear- 
ance below,  are  still  more  striking. 

In  Derbyshire  the  beds  of  metaltifetous 
Iime*stone  are  separated  by  beds  of  basahic 
rock  called  toad-stone.  When  a  vein  of  lead 
is  worked  through  the  first  lime-stoae  down 
to  the  toad-stone,  it  ceases  to  contain  any 

ore, 
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and  often  entirely  disappears  :    on  sink- 

ig  through  the  toad-stone  to  the  second  lime- 

the  ore  is  found  again,  but  is  cut  off 

Jy  ii  lower  bed  of  toad-sione,  under  which 

appears  again  in  the  third  lime-stone.     In 

"ong  veins  particles  of  lead  occur  in  tlie 

■stone,  but  in  very  small  quantities. 
If  niinenil  veins  were  filled  from  above  by 
XDetallic  ^solutions,  it  is  impossible  to  cunceivn 
that  the  nature  of  the  rock  should  change 
the  quality  of  the  ore;  much  less  could  the 
disappear  in  one  stratum,  and  appear 
n  in  a  stratum  below  it.  Nor  could  the 
in  be  (illetl  with  niftlted  matter  ejected  from 
lielow;  for  in  either  case  it  would  be  equally 
impossible  to  explain  why  the  ore  is  separati'd 
the  to;id-sione,  though  the  vein  is  con- 
led  through  it. — See  plate  II-  fig.  5,  where 
3,  represent  the  three  beds  of  lime-stone, 
ided  by  the  beds  of  stone  c  andf,  and 
ered  bv  sand-stone.  \Vlien  the  vein  b  de- 
:n(ls  to  tlie  bed  of  toad-stone  e,  it  entirely 
ippears;  but  on  sinking  through  to  ibe 
2  the  vein  is  found  again;  it  disappears 
coiid  time  at.  the  bed  of  toad-stone^',  and 
ipjiears  in  the  lower  lime  3,  Another  vein 
i>  supposed  to  penetrate  the  beds  of  toad- 
V  2  btono 
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stone  tf^  but  contains  no  ore  where  it  passes 
through  them.  The  upper  part  of  the  vein 
a  is  represented  as  penetrating  the  superin- 
cumbent sand-stone,  which  is  sometimes  the 
case :  in  this  part  of  the  vein  the  most 
curious  productions  of  the  Odin  mine  near 
Castleton  are  discovered.  In  some  situations 
where  the  beds  of  Ume-stone  are  divided  by 
seams  of  clay,  provincially  called  way-boards, 
these  way-boards  cut  off  the  vein  as  effec- 
tually as  the  toad-stone.  Such  facts  prove 
that  these  veins  were  not  filled  from  above. 
Professor  Jameson  has  conjectured  that  the 
beds  of  toad-stone  and  lime-stone  in  Derby* 
shire,  with  the  metallic  veins,  were  all  cotem- 
poraneous,  and  that  the  toad-stone  crossed 
through  the  veins  at  the  time  of  their  formar 
tion.  But  the  different  organic  remains  in  the 
upper  and  lower  beds  of  lime-stone  preclude 
the  possibility  of  their  having  been  formed 
at  the  same  time.  The  zoophytes  in  tlie  lower 
bed  of  rock  could  not  be  Uving  and  co- 
existent with  the  sheU-fish  in  the  upper,  nor 
with  the  vegetable  remains  occasionally  found 
in  the  sand-stone  which  frequently  covers  the 
whole,  and  into  which  the  veins  sometimes 
shoot.     Cuvier  has  well  observed,   that  the 

existence 
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litence  of  different  organic  remains  ofFet's 

ncontestable  proofs  timt  the  upper  and  lower 

ftrata  iti  which  they  were  found  were  formed 

I  succession. 

If  metallic  matter  were  not  poured  in  from 

hbo^t,  nor  ejected  from  below,  in  what  man- 

ber  did  it  come  into  the  vein? — ^The  state  of 

r*ehemical  science,  and  the  facts   at  present 

Down,  are  too  limited  to  furnish  a  solution 

»  this  interesting  question.    There  are,  how- 

wer,  certain  indications  which  may  serve  as 

i  clue  to  future  discovery.     The  variation  of 

he  mineral  products  in  veins  as  they  pass 

hrough  different  strata,  seems  to  prove  that 

[  tte  strata  were  eflicient  causes  in  producing 

his  variation.     Perhaps  metallic  mailer  was 

IlifTused  through  different  rocks  according  to 

heir  elective   affinity,   and   separated  from 

Kiem    by   Voltaic   electricity,    the   different 

ndes  of  the  vein  possessing  diflerent  states 

of  electricity  ;  or  the  strata  may  act  like  a 

feries  of  plates  in  the  Voltiic  pile,  separating 

Jid  secreting  metallic  mailer  from  its  difTe- 

■ent  combinations.     Some  of  the  metals  and 

ether  substances  found  in  veins  are  capable 

bf  solution  in  hydrogen  gas,  and  perhaps  all 

pf  them  may  be  so  by  natural  processes;  in 

this 
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this  state  they  may  have  penetrated  the  van 
and  deposited  their  contents. 

The  discovery  of  the  metallic  nature  of  the 
very  earths  of  which  rocks  are  composed,  and 
the  probability  that  the  metals ,  themselves 
are  compound  substandes  of  which  hydrogen 
forms  a  part,  open  new  views  respecting  the 
formation  of  metallic  matter  by  natural  pro- 
cesses, which  may  be  within  the  reach  of  hu^ 
man  power  to  develop,  if  not  to  imitate* 

If  metallic  matter  be  now  forming  in  mines, 
the  process  of  its  formation  is  extremely  slow ; 
but  there  are  circumstances  which  appear  to 
prove  that  it  may  in  some  instances  be  per** 
ceived.  Mr^Trebra,  director  of  the  mines  in 
Hanover,  informed  a  gentleman  of  my  ac- 
quaintance that  he  had  seen  a  leather  thong 
suspended  fropi  the  roof  of  a  mine,  coated 
with  silver  ore ;  he  has  also  observed  native 
silver  and  vitreous  silver  ore  coating  the 
wooden  supports  left  in  a  mine  called  Drey* 
weiber,  in  the  district  of  JVf^rienburgh,  which 
bad  been  under  water  two  bu|idred  years^ 
and  was  opened  in  1777* 

Mr.  Trebra  was  led  from  his  own  observar 
tions  on  mines  to  infer  diat  metaiUc  ores  are 
foniie^  by  iqiqprf^  ^xbalationst^  or  were  once 

in 
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I  a  gaseous  state.    Mr.  Westgarth  Furstcr, : 
practical   miner  in  Nortluimberland,  siali'.s  ' 
that  at  Wolfclough  mine  in  the  county  oi'Dnr- 
faam,  which  was  closed  for  more  than  twenty  i 
years,  and  opened  again,  needles  of  white  lead  i 
ore  were  observed  projecting  ti-om   the  wulU 
more  than  two  inches  in  length. 

ThcNR  and  other  pha?noniena  oh,scrval)l('  in 
mines  niav  convince  us  that  there  are  prd* 
cesses  going  on  at  present  in  the  great  Ial>o» 
ratory  of  the  earth,  and  ptrli:ips  there  are  ' 
analogous  processes  taking  place  in  theatmo*  i 
sphere,  which  may  throw  some  light  on  these  J 
hidden  operations  of  nature.     The  furmation  \ 
of  siiline  matter  on  the  surface  of  wulU  is  i 
feet  which  merits  more  attention  than  it  has  1 
hitherto  received.     Dr.  Kidd,  of  Oxford,  hat  J 
recently  published  some  very  ingenious  olv*  -j 
nervations  and  experiments  on  the  spontaiio*  ] 
ous  production  of  nitre  on  lime-stone,  which 
may  li^ad  to  more  important  rentiks  than  tW  J 
learned    Profussor    »p[iiiars    to    have    ant'ni-' 
pated.     These  experiments  sljow  that  neithftf(| 
llic  alkah   nor   the  acid  exists  previously  Iitt 
die  stone.     Nor  do  they  exist  ready  foruiedlj 
in  tlie  moisture  of  the  atmosphere,  dry  frosty>  [ 
^i^ealUer  being  particularly  fuvunrable  to  ills' ^ 
rapid 
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rapid  production  of  nitre,  and  moist  weather 
the  contrary. 

When  a  portion  of  the  wall  was  protected 
from  access  to  the  atmosphere  by  glass^  which 
projected  a  little  distance  from  the  surface, 
the  formation  of  nitre  went  on  for  a  certain 
time  and  then  ceased.  The  saline  crystals 
were  better  defined  and  longer  than  on  the 
parts  of  the  wall.  When  the  wall  was  coated 
with  paint,  crystals  of  nitre  were  even  formed 
on  the  paint.  The  formation  of  carbonate  of 
lead  on  the  walls  of  the  mine  at  Woliciougb 
may  be  analogous  to, the  formation  of  nitre; 
and  in  both  instances  the  surface  of  the  wall 
and  of  the  atmosphere  may  perhaps  be  con* 
sidered  as  two  galvanic  plates  in  action^  de« 
composing  and  recompounding  the  elements 
of  metallic  or  saline  matter  from  the  atmo^ 
sphere,  or  the  gaseous  fluids  with  which  it  is 
intermixt.  The  base  of  nitre  (potassium)  is 
known  to  be  a  metal ;  and  could  we  seize  na* 
ture  in  the  act  of  producing  a  fixed  alkali 
from  more  simple  elements,  we  might  compel 
her  to  reveal  the  process  by  which  she  pre- 
pares her  metallic  treasures  in  the  deep  re^* 
cesses  of  the  earth.  Nor  can  the  discovery 
be  very  remote ;  for  we  are  already  acquainted 

with 
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the  composition  of  the  volatile  alkalies, 
atxci  are  thereby  enabled  successfully  to  imi- 
tate  nature  in  its  formation. 

When  the  matrix,  or  the  substance  which 
principally  fills  veins,  is  a  soft  unctuous  clay, 
masses  and  particles  of  ore  are  often  dissemi- 
nated through  it,  varying  in  size  from  a  pea 
to  that  of  a  large  gourd,  and  are  even  some- 
times of  many  tons  weight.  Masses  of  vein- 
stone are  also  imbedded  in  the  same  manner; 
and  it  is  observed  that  the  masses  both  of  era 
and  vein-stOiie  are  of  no  determinate  shape, 
and  have  generally  the  appearance  of  being 
corroded.  Are  we  to  conclude  in  sucli  in- 
staaccs,  that  the  hard  minerals  and  metallic 
ores  have  been  formed  in  the  substance  of 
4e  day  by  some  peculiar  elective  affinity,  or 
4at  they  once  occupied  the  cavity  of  the 
'tto,  and  have  been  all  subsequently  decom- 
pwed,  except  the  remaining  detached  masses? 
I  should  be  more  inclined  to  adopt  the  former 
Otnuon ;  but  it  must  be  allowed  that  there  are 
inexplicable  instances  of  the  disappearance  of 
minerals  which  formerly  existed  in  veins. 

The  formation  of  one  mineral  upon  the 
crystals  of  another,  and  the  disappearance 
of  the  crystal  which  has  served  as  the  mould, 


I     ot  tlie  crystal  wh 
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is  indeed,  a  common  phsBnomenon  in  manj 
English  mines.  I  have  before  me  a  mass  of 
rock  crystal  from  Durham,  formed  on  cubic 
fluor  spar ;  but  the  crystals  of  the  latter  have 
entirely  disappeared,  leaving  nothing  but  the 
impression  of  their  form.  In  the  mines  of  Der* 
byshire  incrustations  of  calamine  are  formed 
on  calcareous  crystals,  taking  the  shape  of 
the  dog-tooth  spar;  but  in  these  false  crystals 
no  trace  of  the  interior  crystal  is  kft.  Cefw 
tain  local  causes  also  appear  to  influence 
the  crystallization  of  mineri^ls  injdiiferent  di« 
^tricts,  and  dispose  them  to  take  peculiar.  $e« 
condary  forms,  which  may  be  considered  h^ 
appropriate  to  the  minerals  of  that' district. 
The  pyramidal  crybtalli^^tion  of  carbonate  of 
lime,  called  the  dog-rtooth  spar  {Chaux  cav- 
honatie  metastatiqm  of  llauy)^  is  abundant 
in  son»e  of  the  mines  of  Derbyshire :  wliiUt 
the  same  mineral  rarely  assumes  that  form  ia 
the  mines  of  Northumberland  and  Durham, 
but  is  crystallized  in  other  forms,  which  are 
equally  rare  in  the  Derbyshire  mines,  Fluor 
spar  and  bfirytes  spar  have  appropriate  fornix 
in  different  districts,  from  which  any  devia- 
tions may  be  considered  as  varieties.  The 
causey  M  hlch  occasion   this  diversity  of  sen 

condary 
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idary  forms  in  minerals,  whose  constituent 
parts  appear  by  cbeniical  analysis  to  be  pre- 
cisely tbe  same,  are  unknown.     Nor  are  we 
able  to  explain  in  what  manner  the  crystals 
before  mentioned  have  disappeared  :  but  these 
facts  prove  that  the  powers  of  nature  extend  1 
beyond  the  present  limits  of  science  ;   and  it  , 
is  more  consonant  with  the  true  spirit  of  phi-  , 
losophy  frankly  to  acknowledge  our  ignorance,  ' 
than   to  form  systems  from  imperfect  data, 
which  can  only  serve  to  perpetunte  error. 

The  following  is  a  summary  account  of  the 
rocks  and  situations  in  which  the  diricTent  irm- 
tallic  ores  are  genendiy  found  :™ 

Platiiia  and  the  recently  discovered  metals 
called  palladium,  rhodium,  osmium,  and  iri- 
diuin,  have  only  been  disco\ered  in  the  sands 
of  rivers. 

W  and  silver  are  found  in  primary  and 
i«ition  rocks,  in  porphyry  and  sienite,  and 
in  the  lowest  sand-stone.     Gold  has  been  oc- 
CdSionally  discovered  in  coal,  and  very  abua»  ' 
danlly  in  the  sands  of  rivers. 

Mercury  is  found  in  state,  in  lime-stone, 
and  in  coal  strata. 

Copjjer,  in  primary  and  transition  rocks,  ui  - 
iliyrv,  sienite,  and  occasionally  in  sand* 
stone. 


^^■R«i 


Btone,  in  coal  strata,  and  alluvial  ground. 
Masses  of  native '  copper  of  ndany  thousand 
pounds  weight  are  found  on  the  surface  in 
the  interior  of  North  America. 

Iron,  in  every  kind  of  rock. 

Tin,  in  granite,  gneiss,  mica-slate,  and 
slate. 

Lead  and  zinc,  in  primary  and  transition 
rocks,  except  trap  and  serpentine ;  in  poi^ 
phyry  and  sieBite ;  in  the  lowest  sand-stone, 
and  occasionally  in  coal  strata. 

Antimony,  in  primary  and  transition  moun<' 
tains,  except  in  trap  and  serpentine;  it  is 
also  found  in  porphyry  and  sienite. 

Nickel,  bismuth,  cobalt,  in  primary  moun- 
tains, except  lime-stone,  trap,  and  serpentine. 
Cobalt  and  nickel  also  occur  in  transition 
mountains,  and  in  sand-stone. 

Arsenic,  in  primary  and  transition  pioun- 
lains,  and  in  porphyry. 

Manganese,  in  primary  and  transition 
mountains,  and  occasionally  in  the  lower 
stratified  rocks. 

Molybdena  and  tungsten,  uranium,  and 
titanium,  in  granite,  gneiss,  mica-slate,  and 
Hiate.  The  latter  metals,  with  chromium,  co- 
himbium,  cerium,  and  tellurium,  aire  very 
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ire  in  nature,  and  can  only  be  reduced  to 
J  metallic  state  with  great  difllculty. 
Some  instances  arc  known  of  metallic  veins 
KiJig  formed  in  the  craters  of  volcanoes.  Ac- 
jDrding  to  Breislak,  there  is  an  ancient  gold 
[line  in  the  Island  of  Ischia,  the  whole  of 
mich  island  is  entirely  volcanic.     The  mine 
f  mercury  at  Guanca  Velica  is  in  the  crater 
volcano.     The  gold  mine  of  Nagyag  is 
)  in  a  volcanic  crater. 
According  to  the  disciples  of  Werner,  flinty 
flate  is  not  metalliferous  ;  which  is  the  more 
remarkable,  as  this  is  a  very  abundant  rock, 
and  is  traversed  by  veins  of  quartz.     It  also 
dtemates  with  and  graduates  msensibly  nito 
We  and  gray  wacke,  the  most  metalliferous 
"locks.     This  offers  a  further  proof,  if  any 
"Were  wanting,  to  what  I  liave  stated  in  the 
ninth  chapter,  that  the  nature  of  rocks  influ- 
ences   the    quality  and  quantity  of  the  ores 
'  contain.     How  Mr.  Werner  and  his  dis- 
bles  could  close  their  eyes  on  this  obvious 
,  appears  truly  astonishing.    It  is  a  direct 
i  demonstrative  prool  of  the  fallacy  of  the 
ivliich  they  support*. 


'  1  liave  expressed  my  objections  to  tlie  theory  of  Wer- 
klritli  leu  respect  than  mitny  mny  think  it  entitled  to; 
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but  the  confident,  not  to  say  arrofMit^  manner  in  which  ic 
has  been  supported,  coaaiJoriiig  tlie  preposterous  claims 
which  it  makes  on  our  citaiulity,  is  truly  ridiculous,  and 
will  form  an  amusing  page  in  the  future  history  of  science. 
The  theory  will  be  preserved  from  oblivion  embalmed  in 
its  own  absurdity.  As  an  instance  of  the  data  which 
Mr.  W.  assumes  as  imdoubted  facts,  take  the  fiDlIowing  :^— 
^<  In  recapitulating  the  state  of  our  present  kncmltdgtf  ii 
i$  ohdous  thai  we  know  with  certainty  that  the  floats  and 
primitive  mountains  were  produced  by  a  series  of  precqpi- 
rations  and  depositions  fcrmed  in  succession ;  that  the^e 
took  place  from  water  which  covered  the  globe,  existing 
always  more  or  less  geneially,  and  containing  the  different 
substances  which  have  been  produced  from  them.  We  are 
also  certain  that  the  fossils  which  constitute  the  beds  and 
strata  of  mounUuns  were  dissolved  in  the  universal 
ter/' ! !  l^^Thtory  fjf  Feins,  English  translation. 


CHAP- 


CHAPTER  XIII. 


1 


•ON   EARTIIlitI  \KES   ANI>  VOLCANOES. 

^hatiomena  prcccillng  and  adai'ling  Karl  fit/ itahs 
— t/ieir  EffhtsoH  Springs  (ind  Lalus—oil  Land 
—-tkcir  conneciiun  wU/i  dixla/il  Volvatioes—more 
Mrrrelt/Je/t  hi  Afounta'inoits  Countries  than  in 
Plains. —  Indications  of  their  Cause.— I'olca- 
fioes. —  Phtcnut/iena  preceding  an  Kruptiojt.- — 
jDitratiiiti  and  hita-vats  of  I  olcanic  Kruplions. 
— Submarine  J'olcanoes.  —  Eruptions  of'  Aiud 
and  ff'ater. — Kmnbcr  of  active  I'olcanots, — 
Source  of  Vokvnic  Fire  deep  bclvw  the  Surface, 
—  OpinioM  respecting  it . — fht  Springs.r~Mag' 
nitude  of  ancient  Vakanoes. — On  their  Vtitltif 
in  the  CEconomif  of  Nature.— J'oUanic  Pro- 
ducts— solid,  Jiuid,  and  volatile. 


.ccusTOMF.D  to  view  the  hilts  in  our  own 
countrv  in  a  state  ol'  prol'ound  repose,  prt- 
.•tenting  the  saint:  unvaried  outline  in  each 
succeeding  year,  we  can  scarcely  conceiie 
ti>e  possibihty  of  a  whole  district  being  co- 
with  new  mountahis  and  another  soil 

the  space  of  a  single  night.  Yet  such 
clianges  have  been  produced  by  the  unitrd 
agency  of  eurUu^uakcs  and  volcanoes  \^ithln 

the 
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the  limits  of  authentic  history.  I  must  refer 
the  reader  to  the  works  of  Dolomieu,  Spal- 
lauzani.  Sir  William  Hamilton^  Humboldt, 
and  oth@r  travellers  who  have  atteoftively  ex- 
amined volcanic  countries,  for  a  description 
of  these  changes.  The  present  chapter  will 
be  confined  to  the  effects  m^re  particularly 
indicative  of.  the  connection  between .  earth- 
quakes and  volcanoes^  and  the  qircumstances 
which  may  elucidate  the  cause,  of  these  awfiil 
phs&nomena.  v      .  „.     . 

Earthquakes  and  volcanoes  maybe  consi- 
dered as  different  effects  produced  hy  the 
agency  of  subterranean  fire.  They  frequently 
accompany  each  other;  and  in  all  instances 
that  have  been  observed,  the,  first  eruption  of 
a  volcano  is  preceded  by  an  earthquake  of 
greater  or  less  extent.  Volcanoes  do  not 
make  their  appearance  in  every  country  where 
the  shock  pf  an  earthquake  is  felt :  but  eartb^ 
quakes  are  more*  frequent  in  volcanic  districts 
than  in  ady  other.  Earthquakes  are  >almott 
always  preceded  by  An  unconi^mon^gitatioa  of 
tWwatersiof  tlie-ooean,  aitd  of  lakes.  Springs 
send  forth  torrents  o^ . mod, ttccompanied  with' 
a  disagreeable  stench.  The  air  is  gen^rallf 
calm,  but  the  cattle  discover  much  ^laraii 

and 


tlARTIIQDAGBS. 


305 


to  be 
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instinctiv 

proaching  calamity.    A  deep  rumbling  noise,  1 
like  that  of  carriages  over  a  rough  pavement, 
— a  rushing  sound  like  wind, — or  a  tremen-J 
dou8  explosion  like  the  discharge  of  artillery,.  1 
immediately  precede   ihe  shock,  which  sud*, ' 
denly  heaves  the  ground  upwards,  or  tosses, 
it  from  side  to  side,  with  violent  and  suc- 
cessive vibrations.     The  shock  seldom  lastii  | 
longer  than  a  minute;  but   it  is  frequently 
succeeded  by  others  of  greater  or   less  vio- 
lence, which  continue  to  agitate  the  surface 
of  tlie  earth  for  a  considerable  time.    During 
these  shocks*  large  chasms  and  openmgs  are 
made  in  the  ground,  through  which  smoke 
and  flames  are  seen  to  issue  :  tht  se  sometimes 
break  out  where  no  chasms  can  be  perceived* 
More  freqDently  stones,  or  torrents  of  water, 
are  ejected  from  these  openings,     in  violent 
earthquakes  the  chasms  are  so  extensive  that 
large  cities  have  in  a  moment  sunk  down  and  "" 
for  ever  disappeared,  leaving  a  lake  of  water 
ia  the  place.   Sucli  was  the  fate  ol  Euphetnia 
in  Calabria,   in  1638,  as  described  by    Kir- 
cber,  who  was  approaching  the  place  when 
the  agitation  of  the  ocean   obliged   him   to 
lan^  ftt  Lopizicum  :  "  Here  (says  he)  scenes 

of 
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f)f  riiiti  every  M^hfere  ap{)eafed  drouAd  nut; 
but  hty  attention  was  qilickly  tnrned  from 
more  remote  to  cotitiguons  danger,  byn  deep 
rumblifig  soiind,  which  every  moment -gtew 
louder.  The  place  where  we  stoi3d  sbodk 
most  dftodfully;  after  sdiAe  time,  the  vim 
lent  parOxysih  ceasing,  I  stood  up,  and  tuftl^ 
ing  my  ey^S  to  look  for  Euphemia,  sAW  only 
a  frightful  black  cloud.  We  waited  till  it 
had  parsed  away,  when  nothing  but  A  didthal 
and  putrid  lake  was  to  be  seen  where  the 
city  oilce  ^tdbd/* 

.  The  extent  to  which  earthquakes  produce 
derisible  ieffccts  oh  the  waters  of  sprttigs  Aftd 
lakes  in  distant  parts  of  the  world,  is  traly 
remarkable.  During  the  earthquake  of  Lis- 
bon in  1755,  almost  all  the  springs  and  lakes 
in  Britain  and  every  part  of  Europe  were  vio* 
lently  agitated,  many  of  them  throwing^  tip 
mud  and  Sand,  and  emitting  a  fcetid  odotir. 
The  mornirig  of  the  earthquake,  the  h6t 
springs  at  Toplitz  in  Bohemia  suddenly 
ceased  to  flow  for  a  minute,  and  theTil>ttrst 
forth  with  prodigious  violence,  ihrowiog  lip 
turbid  water,  the  temperature  of  which  w«id 
higher  thaa  before:  it  is  said  to  have  ctm- 
tinued  so  ever  since. ^    The  hot  wella  at  Bris* 

tol 
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It  were  coloured  red,  and  rendered  unfit  for 
for  some  months  afterwards.  Even  the 
ant  waters  of  Lake  Ontario*,  in  North 
erica,  were  violently  agitated  at  the  time. 
pha:nomenu  offer  proofs  of  subterra- 
nean communications  under  a  large  portion 
of  Uie  globe;  they  also  indicate,  tliat  a  great 
quantity  of  gas  or  elastic  vapour  was  sud- 
denly generated  and  endeavouring  to  escape. 
From  the  fcetid  odour  perceived  in  some  situa- 
tions, it  may  be  inferred  that  this  gas  is 
hydrogen  or  sulphuretted  liydrogen.  In  other 
instances  it  may  be  steam,  winch  condensing 
again  would  produce  a  vacuum,  and  occa&ion 
the  eiternal  air  to  press  downwards;  whicljJ 
has  bflen  observed  in  mines  immediately  after  ] 
the  shock  of  aa  earthquake. 

The  space  over  which  the  vibration  of  the  ] 
dry  ground  is  felt  is  very  great,  but  generally  J 
wider  in   one  direction    than  another ;    and 
where  a  succession  of  earthquakes  has  take^  j 


*  It  19  the  opinion  of  some  traveller,  that  the  lokn  fl|  J 
Noitfa  America  were  once  the  immEnae  craters  of  aiilicut  i 
volctukocft.  It  has  been  observed  Juring  many  carth:juaket  J 
in  the  Eastern  State?  tlmi  the  sublerranraii  noise  ami  niO-  j 
lion  appeared  to  commence  from  the  Lakes,  and  proceed 
i  the  Atlantic  in  a  direction  from  the  north-west. 
X  2  place 
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"place  in  the  same  district,  it  is  observed  that 
the  noise  and  shock  approach  from  the  same 
quarter.  It  has  been  before  mentioned  that 
earthquakes  are  most  frequent  in  volcanic 
districts,-  but  the  strokes  are  not  the  most 
^lent  iii>tfae  immediate  vicinity  of  voka^ 
noes*  On  the  contrary,  they  are  stronger  in 
the'  more  distant  part  of  a  voFcanic  cpontrj. 
The  ground  is  agiteted  with  greater  force, 
as  the  surface  has  a  smaller  number  of  aper- 
tures communicating  with  the  interior.  ^^  At 
Naples -and  Messina,  at  the  foot  of  Cotopaxi 
andTungurabua,  earthquakes  are  only  dreaded 
when  vapoars  and  flames  do  not  issue  from 
the  craiter**'*  The  connection  which  eartb* 
quakeMiave  with  distant  volcanoes,  and  their 
frequency  at  particular  periods,  are  truly  re- 
markable. About  the  middle  of  the  last 
century,  after  the  earthquake  at  Lisbon, 
Europe,  Afriiia,  and  America  were  for  some 
rime^  ret)eatedly  agitated  by  subterranean  ex* 
plosions ;  which  may  be  seen  by  referring  to 
the  jourftals  of  that  time,  j^tna,  whichhad 
been  in  a  state  of  profound  repose  for  eighty 
years,  broke  out  with, great  activity,  and,  acr 


*  Humboldt. 

cording 


ftofdingtoHumboldty  some  of  the  most  tre-* 

mendous  earthquakes  and  volcanic  eruptions 

ever  ceoorded  in  bisAory  were  witnessed  in 

Mfspco*  lo'  the  night  of  the  19th  of  Sefitt^mfoec 

17 q9  ^  vast  volcano  broke  out  in  a^loftj  cudd- 

i^ated  plain,  a  tcactof  grcmnd  mori^diantweke 

iBile9:.in  extent  cose  up  like  a  bladder  to^^e 

Iieigbt  of  five  hundred  and  twentjjr-fbuc  feet, 

aii4  •  ^ix  new  mountains  were  foroied  higher 

thao  the  Malvern  hills  in   Wor<^tershire. 

JHore  recently  (in  1812)  the  tremendpus  earth- 

qiuJpei^in  the  Caraccas  were  MAopmd  by.  an 

eruption  in  the  Island  of  St.  Vinoaat'^i  from 

a  TQlcano  that  had  not  been  burning  since 

the  year  17  I'd,  and  violent  oscillations  of  the 

ground  were  felt  both  in  the  islands  and  on 

the  coasts  of  America.     It  may  be  interred 

from  these  circumstances,  that  the  cause  of 

eartl^quakes  and  volcanic  eruptions  is  seated 

deep  below  the  surface  of  the  earth.  During 

the  earthquake  at  Lisbon,  nearly  all  Europe 

and  a  great   part  of  Africa  felt   the  shock 

more  or  less  severely :   its  effects  were  even 

sensible  across  the  Atlantic.     It  is  observed 

also  that  earthquakes  are  more  severely  felt 

in  mountainous  than  in  low  countries.    This 

might 
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might  be  expected  from  the  structure  of  the 
earth*.  In  alpine  districts,  the  primary  moun- 
tains are  not  pressed  with  the  incumbent  mass 
of  secondary  rocks,  and  in  such  situations  tbe 
resistance  to  a  force  acting  from  beneath  wiH 
be  much  less,  as  all  the  weight  of  secondary 
rocks  is  removed.  In  very  violent  earthquakes, 
the  secondary  strata  are  broken  or  agitated ; 
but  proofe  are  not  wanting,  of  lesser  vibrations 
being  stopped  by  their  pressure.  Humboldt 
says,  he  has  seen  workmen  hasten  from  the 
mines  of  Marienburgh  in  Saxony,  alarmed  by 
agitations  of  the  earth  that  were  not  felt  at  the 
surface.  During  the  earthquake  at  Lisbon, 
the  miners  in  Derbyshire  felt  the  rocks  move, 
and  heard  noises  which  were  scarcely  per- 
\  ceived  by  those  above.  That  an  expatish^e 
force  acting  from  beneath  is  the  proximate 
cause  of  earthquakes,  can  scarcely  be  denied ; 
and  the  prodigious  power  of  steam,  when 
suddenly  generated,  seems  equal  to  their  pro* 
duction,  if  the  quantity  be  sufficiently  great. 
It  is  said  that  a  single  drop  of  water  falling 

*  See  a  paper  on  earthquakes  by  the  Rev.  Mr.  MitcheQ, 
Pliilosophical  Transactions^  1759, 

into 
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into  »  furndce  df  melted  copper^  vfill  blow 
up  the  whole  building.  Now  if  we  conceive 
Si  current  of  subterranean  water  to  find  ac-' 
cess  to  a  mass  of  lava  m^ny  miles  in  ex- 
-tent,  and  most  intensely  heated,  it  would 
jproduce  an  earthquake  more  or  less  vio« 
lent  in  proportion  to  the  quantity  of  steam 
^eneratedy  and  its  distance  from  the  sur** 
^yoe.  When  the  hydrogen  gas  lately  ex<- 
ploded  in  a  mine  near  Workington  in  Cum- 
lierlandy  a  shock  Uke  that  of  an  earthquake 
^as  felt  by  ships  in  the  river  at  two  miles 
distance. 

The  horrid  crash  like  the  rattling  of  car- 
xiages,  which  precedes  earthquakes,  is  occa- 
sioned I  conceive  by  the  rending  of  the 
TQckSy  or  parting  of  the  strata  through  which 
the  confined  vapour  is  forcing  a  passage. 

Volcanoes  are  'penings  made  in  the 
earth's  surface  by  internal  fires;  they  regu- 
larly,  or  at  intervals,  throw  out  smoke,  va» 
pour,  flame,  large  stones,  sand,  and  melted 
stone  called  lava.  Some  volcanoes  throw  out 
torrents  of  mud  and  boiling  water.  Volcanoes 
most  frequently  exist  in  the  vicinity  of  the  sea 
or  large  lakes,  and  also  break  out  from  unfar 
tboniable  deptlis  below  the  surface,  and  form 

new 
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new  islsuids  and  reefs  of  rock.  When  a  voi^ 
caoo  breaks  out  in  a  new  situation,  it  is  pre- 
ceded by  violent  earthquakes,  the  heated  sur- 
iace  of  the  ground  frequently  swells  and 
heaves  up,  until  a  fissure  or  rent  is  forniedy 
sometimes  of  vast  extent.  Through  thisopen- 
ing,  masses  of  rock  with  flame,  smoke  and 
kva  are  thrown  out,  and  choke  up  part  of  the 
passage,  and  confine  the  eruption  to  one  or 
more  apertures,  round  which  conical  hills  or 
mountains  are  formed*  The  concavity  in  the 
centre  is  called  the  crater.  The  indications 
of  an  approaching  eruption  from  a  dormant 
volcano  are  an  increase  of  smoke  from  the 
summit,  which  sometimes  rises  to  a  vast 
height,  branching  in  the  form  of  a  pine  tree. 
Tremendous  explosions,  like  the  firing  of 
artillery,  commence  after  the  increase  of 
smoke,  and  are  succeeded  by  red-coloured 
fiames  and  showers  of  stones.  At  length  the 
lava  flows  out  from  the  top  of  the  crater,  or 
breaks  through  the  sides  of  the  mountain,  and 
covers  the  neighbouring  plains  with  melted 
matter,  which  becoming  consolidated,  foroM 
a  stony  mass  often  not  less  than  some  .buiv> 
dred  square  miles  in.extent,  and^severai  yards 
in  thickness.    The  eruption  of  l^va  has  been 

known 


known  to  continue  several  months.  Intensely 
black  clouds  composed  of  a  kind  of"  dark-co- 
ioured  sand  or  powder,  improperly  called 
asbes,  ure  thrown  out  of  the  crater  after  the 
lava  ceases  to  flow,  and  sometimes  involve  the 
surrouniling  country  in  total  darkness  at 
nooD-day.  Towards  the  conclusion  the  colour 
of  the  volcanic  sand  changes  to  while :  it  con- 
sists of  pumice  in  a  finely  comminuted  state. 
The.  quantity  thrown  out  is  sometimes  im- 
mense. During  an  eruption  of  j^Htna,  a 
space  of  one  hundred  and  fitly  miles  in  cir- 
cuit was  covered  with  a  stratum  of  this  sand 
twelve  feet  thick.  When  the  lava  flows  freely, 
the  earthquakes  and  explosions  become  less 
rioleni ;  which  proves  that  they  were  occa- 
sioned by  the  coniinement  of  the  erupted 
matter  both  gaseous  and  solid.  Tiie  smoke 
tnd  vapour  of  volcanoes  are  highly  electrical. 
The  long  period  of  repose  which  sometimes 
takes  place  between  two  eruptions  of  the 
ianie  volcano  is  particularly  remarkable. 
•"rom  the  budding  of  Rome  to  the  79th  year 
»f  the  Christian  lera,  no  mention  is  made  of 
►^csovius,  though  it  had  evidently  been  in  a 
iriop  state  of  activity,  as  Herculaneum  and 
'ompeiii  which  were  destroyed  by  the  erup- 
tion 
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tton  of  that  year,  are  paved  with  lava.  From 
the  13th  to  the  l6th  century  it  remained 
quiet  for  nearly  four  hundred  years^  and- the 
crater  was  overgrown  with  lofty  trees.  Itwai 
descended  by  Bracchini^  an  Italiaii  writer, 
prior  to  the  great  eruption  of  1631:  the 
bottom  was  at  tliat  time  a  vast  plain  sar- 
rounded  by  caverns  and  grottoes.  <£tna 
has  continued  burning  since  the  time  of  the 
poet  Pindar,  with  occasional  intervals  of  re* 
pose  seldom  exceeding  thirty  or  forty  .yearii 
The  eruptions  of  the  Peak  of  Tenerifie  have 
been  very  rare  during  the  last  two  ceotttries. 
According  to  Humboldt,  *^  the  long  intervals 
of  repose  appear  to  cliaracteriase  volcanoes 
highly  elevated.  Stromboli,  which  is  one  of 
the  lowest,  is  always  burning.  The  eruptions 
of  Vesuvius  are  rarer,  but  still  more  frequent 
than  those  of  JEttin.  The  colossal  summits 
of  the  Andes,  Cotopaxi  and  Tungurahua 
scarcely  have  an  eruption  once  in  a  centuiy: 
The  peak  seemed  to  be  extinguished  for 
ninety-two  years,  when  it  made  its  last  erup 
tion  by  a  lateral  opening  in  1798.  In  diis 
interval  Vesuvius  had  sixteen  eruptions'' 
The  greatest  eruptions  of  lava  from  JEAx» 
fmd  Vesuvius  are  always  fr(Mn  the  mde9  of 

these 


»  mountains';  but  these  lateral  eruptions 
finish  bv  an  ejection  of  ashes  and  flames  from 
the  crater  at  the  summit  of  the  niouiitaitii 
!n  the  peak  of  Teneriil'e,  tliis  phienomenon 
lias  not  taken  place  forngcs;  and  in  the  i 
cent  great  eruption  of  1798  llui  crater  re#  1 
mainecl  inactive,  nor  did  its  bouom  fall  in» 

Submarine  volcanoes   are   preceded  by  i 
violent  boiling  and  agitation  of  the  wateiv  i 
and  by  the  discharge  of  volumes  of  gas  and 
rapour,  which  take  fire  and  roll  In  sheets  of  J 
flame  over  the  surface  of  the  waves.     Massed  [ 
of  rock  are  darted  through   the  water  Hith  ' 
great  violence,  and  accumulate  till  they  form  ' 
new  islands.     Sometimes  the  crater  of  tbtt  1 
volcano  rises  out  of  the  sea  during  an  erup*.] 
tion.     In  1783,  a  submarine  volcano  broke 
out  near  Iceland,  which  formed  a  new  islands  ] 
it  raged  with  great  fury  for  several  months. 
The  island   afterwards  sunk,  leaxing  only  s  \ 
reef  of  rocks.     In  December  1720  a  violent  1 
earthquake  was  felt  at  Tercera,  one  of  the  i 
Azores;  the  next  morning  a  new  island  nine  1 
miles   in   circumference  was  seen,  from   the  ! 
centre  of  which  rose  a  column  of  smoke:   it  j 
afterwards  sunk  to  a  level  with  the  sea.     A  J 
mmU  island  was  formed  in  1811   by  a  sub-i* 
luarino 
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marine  volcano  at^a  little  dfaubmee  front' Su 
Miebael'si  rone  of  'the  A^ones/X)  it 'wai» a/imbs 
of:  black  trock,  described.  >  bjn^lihe  Capteia  of 
the  Sabnna  frigate,  whoiwitDesseduita-'icNN 
loation  to  be  equal  in  heightitoithe  hi^  Tor 
at  Matlock^  A  gentleman.  whS  visited  ti» 
Azores  in  18 1«3  infomm  me  tbal;«  it  Jiad  sunk 
down  and  disappeared  :  there  19  newiieighcj 
fathom  water  in  the  plaee^^         •       »  ;.i 

Near  Santorini,  in.  the  Chrskiiair'ardupe^ 
lago,  submarine  volcanoes  ha?e  Yepeateilljr 
burst  forth  during  the  last  two  thousaad  yieara^ 
and  formed  several  new  islands:  threeiof  the 
ancient  eruptions  are  recorded -by  Pliny^ 
Strabo,  and  Seneca.  The  last  eruptieo  was 
in  the  year  1767. 

If  the  sea  or  large  lakes  have,  once  covered 
our  continents,  the  greater  part  of  the  pr&^ 
sent  and  ancient  volcanoes  were  once  sub* 
marine.  I  am  informed  by  Mr.  Leckie  that 
calcareous  strata  with  organic  remains  rest 
on  beds  of  volcanic  tufa  on  the  western  side 
of  Sicily,  and  decline  towards  the  sea.  This 
indicates  that  the  volcanic  fires  in  the  vicinity. 
of  i^tna4)ince  raged  under  the  ocean.  Almost 
all  the  new  volcanoes  on  record  have  broken 
out  from  under  the  sea. 

Some 
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I... Some  velouioes  in  Europe  and  many  ia 
tkn  Andes  throw  out  aqueous  torrents  inters 
mixed (i»ith  mud  and  stones;  indeed,  the 
Ameiiflaa  volcanoes  more  frequently  eject 
oud  than  lava«  Eruptions  of  water  from  ^^tna 
mhI  Vesuvius  are  «rare,  and  some  which  have 
been  described  as  flowing  from  the  crater  of 
di8'  iurmer^  have  been  merely  the  torrents  of 
melted  water  from  snow  on  its  summit.  The 
raloaoo  of  Maealuba  in  Sicily  presents  the 
pbltamnena  of  mud,  water,  and  stones  thrown 
QBt  of  the  crater.  Ferrara  describes  an 
darming  eruption  which  took  place  on  the 
99th  of  September  1777 :  ^'  Dreadful  noises 
VBie  heard  all  round  ;  and  from  the  midst  of 
the  plain,  in  which  was  formed  a  vast  gulf, 
miMimmense  column  of  mud  arose  to  the 
beigfat  of  about  one  hundred  feet,  which 
ibaadoned  by  the  impulsive  force^  assumed 
the  appearance  of  a  large  tree  at  the  top. 
[n-  the  middle,  stones  of  all  kinds  and  sizes 
were  darted  violently  and  vertically  within 
tine* body  of  the  column.  This  terrible  ex-- 
plosion  lasted  half  an  hour,  when  it  became 
)tiet^  but  after  a  few  minutes  resumed  its 
Bourse,  and  with  these  intermissions  continued 

aU 
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fiU  die  dayi  Dfiring:  ike  tone  of  this  plw* 
nomenoii  a  pungent  odoar^of  wlpbucetted 
kjdrogeii  gass  wa8  perceived  at  a  greaft  di> 
etanoe^  to  the  mrprise  of  the  inhabitants^  ^Am 
4lid  not  dare  to  approach  this  spot  onao^ 
eount  of  the  horrible  noises.  Bat  many  came 
the  foUowing  day,  and  found  that  Ae  mm 
great  orifice  had  ejected  sevejral  streams  ^ 
liquid  ohalk  {cretu) ;  which  had  covtered,  ^with 
an  ashy  crust  of  many  feet  aU  the  sufround- 
ing  space,  filling  the  cavities  and  clunks.  Jht 
hard  substances  ejected  were  fraganaDts  of 
calcareous  tufa,  of  crystallized  gypsmn^  peb- 
bles of  quartz,  and  irrni.  py rites^  which  had  lost 
their  lustre,  and  were  broken  in  piecM.  AH 
these  substances  form  the  outward  circuit  at 
this  day.  The  unpleasant  smell  of  sulphur 
Mill  continued,  and  the  water  which  remained 
in  the  holes  was  hot  for  many  montitf,  wbik 
a  keen  smell  of  burning  issued  from  the  nu« 
merous  orifices  around  the  great  gulf,  whidi 
is  now  completely  filled/' 

In  the  Azores  there  are  no  less  than  fi>r(^- 
two  actire  or  dormant  volcanoes ;  almost  all 
Che  islands  in  the  Atlantic,  and  many  in  the 
Pacific  Ocean  and  the  Indian  Seas,  aiB  vol- 
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canic.  A  range  of  active  and  domitint  vol- 
canoes extends  from  the  soudiern  extremity 
of  America  to  thn  arctic  circle.  Numerous 
Tolcanoes  exii^t  in  Iceland  ;  and  the  hot  saU 
phurous  exhalations  from  craters  in  various 
parts  of  Italy  prove  that  their  internal  6res 
are  not  extinmiished.  Of  the  volcanoes  in 
northern  Asia,  or  the  interior  of  Africa,  we 
hn\'e  little  information,  and  the  volcanoes 
covered  by  the  sea  cannot  be  estimated ;  but, 
from  the  abox'e  statement,  we  are  authorized 
in  believing  that  volcanic  fires  arc  more  ex- 
tensively operative  than  many  geologists  are 
disposed  to  admit.  Their  source  is  deeper  un- 
der the  surface  of  the  earth,  and  many  circum- 
stances indicate  that  a  connection  exists  be- 
tween volcanoes  at  a  vast  distance  from  each 
-other.  In  1783,  when  the  submarine  vol- 
tano  near  Iceland  suddenly  ceased,  a  vol- 
cano broke  cut  two  hundred  miles  distant,  in 
the  interior  of  the  island,  and  at  the  same  lime 
the  great  earthquakes  took  place  in  Calabria. 
On  the  night  in  which  Lima  and  Callao  were 
destroyed  by  an  earthquake,  four  new  volca- 
noes broke  out  in  the  Andes.  Other  instances 
of  the  apparent  connection  of  earthquakes 
■^W^  dJBtflnt  volcanoes  Itave  been  before  stated. 
Were 
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Were  tbe^soofce  (^  volcanic  fires  near  the 
MurfaM,  die  mmatry  in  their  Ticinity  would 
sink  down* ;  and  it  is  impossible  to  concdive 
how  the  same  volcano  could  continue  itsenp- 
tions  incessantly  for  more  than  two  thousand 
yearsy  which  is  the  caM  with  Stromboii  sitm- 
ted  in  tho  Lipari  islands.     Fiagmeots  of 
rocks,  such  as  lime  and  gypsimi,  are  thrown 
iOut  of  volcanoes  unchanged  by  fiw;  wbu^ 
.proves  that  the  source  of  heat  waa^deep  be- 
low the  range  of  these  rocks :  they  have  been 
merely  driven  up  by  the  subterraneiur.eijdo- 
-lion,  .which  forced  a  passage  through  theou 

From  the  various  phcenomena  whieh  vol- 
cmioes  present,  we  may  with  probability 
infer  that  the  internal  part  of  our  planet  b 
either  wholly  or  partially  in  an  igneous 
•state,  however  difHcult  it  may  be  to  ex- 
plain in  what  manner  this  heat  is  grae- 
. .—  ■  .  ■     ■ .  ■  1^  ■  ■     ■  ■  ■  ■     «  II  t     » » 

*  Since  the  period  of  authentic  history  no  great  cbangei 
have  taken  place  in  the  country  round  iStna;  bat  it  ap- 
pears from  Virgil  that  an  antient  tradition  esdsted  of  Ae 
'midden  separation  of  Siicily  from  Itdy. 

**  Hse  loca^  vi  quondam  et  vaat&  oonvuka.foini 
Disslluisse  ferunt :  cum  protinus  utraque  tellus  * 
Una  foret,  venit  medio  vi  pontus^  et  midis 
Hesperium  Siculo  latus  abscidit :  arvaque  et  nrbei 
Littore  diductas  Mgoato  ilfttthiit  Mttt.^-^Au  I.  ii- 

rated 


MtntCB  OP  VOLCANIC  FIBK.  321 

id  and  confined.     In  every  department  of 
nature,  our  inquiries  are  terminated  by  ulti* 
mate   fiicts,   beyond  which  t'urther  research  | 
become:}  vain.     The  constant  generation  an4  1 
emisaioD  of  light  tVom  the  surface  of^  Che  sio).  j 
is  more  iiiexphcable  and  surprising  than'  tba 
eoiifttunt  generation  of  heat  in   the  centre  of 
the  planets;    but  we  cunnot  refuse  our  assent  j 
10  the  fact,  though  it  is  far  beyond  the  pow« 
of  tJ»e    human   mind    to   conceive    by   what  i 
meaiu    the    partlclei;  of    h^ht   are    propelled 
through  space  with  such  astonishing  velocity. 
We  are  too  apt  to  measure  natural  operatioM  ] 
by  thuir  coincidence  with  the  received  systems 
of  philosophy,  and  to  make  our  own  igoov 
ranee  tlie  standard  of  truth.     Had  all    tb*  j 
volcunoc^  in  the  world  been  dormant  tor  tbt  I 
last  two  thousand  years,  and  were  we  onljl  J 
acquainted  with   their  existence  by  the  writiri 
ings  of  ancient   historians,    we   should  dia 
credit  the  fact,  and  prove  its  impossibility  by  j 
an  appeal  to  established  chemical  principles; 
I       Kc  should  furtlier  accompany  the  proof  with 
^■l^athetic  lamentation  over  the  credulity  of 
^■^mer  tim^. 

^^krThe  descent  of  stones  from  the  atmosphere 
^^H^.d^ued  ddiing/D  longer  perioiU  though 
V  the 


the  (act  18  now  established  beyond  all  doubts 
thb  should  teach  us  to  be  less  confident  in 
our  own  knowledge,  for  there  are  still  remain- 
ing  <«  more  things  in  heaven  and  earth  than 
are  dreamed  of  in  our  philosophy^'" 

Admitting  the  existence  of  central  fire  in 
the  earth,  it  is  not  difficult  to  conceive  that 
there  may  be  determinate  causes,  by  whipb 
its  intensity  is  increased  or  diminished  at  cer^ 
tain  periods*  We  know  little  respecting  the 
operation  of  electric  or  Voltaic  energy  in  tb« 
laboratory  of  nature ;  but  from  the  exiiitencf 
of  electric  light  at  the  poles  we  may  infer 
that  electric  currents  are  passing  through  the 
earth,  and  are  important  agents  in  many  sub« 
terranean  phaenomena.  Perhaps  the  different 
beds  of  rock  which  environ  the  globe  may  act 
like  a  series  of  plates  in  the  Voltaic  pile,  and 
produce  effects  commensurate  with  their  vast 
magnitude.  Voltaic  energy  is  capable  of  sup* 
porting  the  most  intense  degree  of  heat  with- 
out access  to  atmospheric  air,  even  in  vacuo; 
and  this  for  an  indefinite  time. 

Whatever  origin  we  ascribe  to  subterfa- 
nenn.fire,  there  can  be  no  doubt  that  it  will 
make  its  way  through  the  surface  in  tboae 
places  where  the  ineuizibwt  ^rocks  ofier  the 

^ast 


HOT  SFRtNGt. 


.  resistarice,  or  where  thev  are  most  fu- 
sible. Bv  tile  access  of  water  to  this  fire,  the 
sudden  evolution  of  steam,  hydrogen  gas,  and 
manv  phenomena  of  volcanic  eruptions,  will 
admir  of  an  easy  explanation.  Most  of  the  ac- 
tive volcanoes  being  situated  near  the  sea  or 
great  lakes,  we  may  infer  that  water  is  in  some 
wav  necessary  to  the  production  of  volcanic 
phienomena.  Boiling  fountains  and  hot 
springs  may  be  classed  with  volcanic  phasno- 
mena  ;  for  ii  can  scarcely  be  doubted  that  the 
Geysers  in  Iceland,  which  throw  up  column! 
of  boiling  water  at  intervals,  to  the  height  of 
seventy  or  eighty  feet,  are  occasioned  by  the 
subterranean  fires  which  extend  under  that 
island  ;  to  the  same  cause  must  be  ascribed 
the  boiling  fountains  in  the  island  of  St.  Mi- 
chael's, one.  of  the  Azores.  The  hot  springs 
in  the  vicinity  of  the  Pyrenees,  and  in  Italy 
and  other  parts  of  the  world,  may  with  much 
probability  be  su|)pos<:d  to  have  a  similar 
source  of  heat.  The  unvaried  equahty  of 
their  temperature  for  centuries,  proves  that 
this  floarce  lies  far  below  the  agency  of  those 
causes  which  operate  on  the  surface.  It  has 
biwn  remarked  that  hot  springs  are  most 
i  in  tfolcanic  and  bawltic  countries. 
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Though  no  actrre  volciuia  exiato  in  the  Py- 
imiees,  a  late  writer^,  vnho  has  dfescribed  the 
geology  of  these  mountains,  says  that  tl^ 
lot  s^rmgs  and  frequent  earthquakes*  ii>  dtf- 
fereot  parts  of  this  chatin  offer  proofs  of  the 
poef^Bt  operation  of  sabterraneaAi  fire. 
•  The  volcanoes  in  South  America  throw  out 
water  aTid  mud,  and  stones  of  enormous  mag* 
fictude;  but  for  particular  information  re- 
specting them  I  must  refer  the  reader  to  the 
mteiresting  descriptions  of  Humboldt,  to  Ul- 
hm^s  Travels,  and  Molina's  History  of  Ghiii. 
.  The  eitaters  of  ancient  volcanoes  which  can 
now  be  traced^  are  many  of  them  of  far 
greater  sisfe  than  any  that  are  in  present  ac- 
tivity*. The  whole  of  the  mountainous  parts 
ef  Quito,  according  to  Humboldt,  may  be 
considered  as  one  immense  volcano,  occupy- 
ing more  than  seven  hundred  square  leagues 
of  surface,  and  throwing  out  flames  by  di£^ 
rent  cones,  known  by  the  denominations  of 
Cotopaxi,  Tungurahua,  and  Pichincha.  In 
like  manner,  he  adds,  the  whole  groupe  of 
the  Canary  Islands  is  placed  as  it  were  on 
one  submarine  volcano.     The  fire  forces  a 

*  Description  des  P;^ren6c8,  par  M.  Drakt. 
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passage  sometimes  thrcmgh  one  and  some^ 
times  by  another  of  these  islands.  TeneiilT^ 
alone  contains  in  its  centre  an  immense  py-» 
runid  terminated  by  a  crater,  and  throwing 
out  from  one  century  to  another  lava  by  its 
flanks.  In  the  other  Canary  islands  the  dif-^ 
ierent  eruptions  take  place  in  various  parts; 
and  we  no  where  find  those  isolated  moun--* 
tains  to  wliich  volcanic  efiects  are  restrained* 
The  basaltic  crust  formed  bv  ancient  volcar« 
noes  seems  every  where  undermined,  and  the 
currents  of  lava  seen  at  Lanzerote  and  Palma 
remind  as,  he  adds,  by  every  geological  af^ 
finity,  of  the  eruption  which  took  place  in 
1301  at  the  Isle  of  Ischia,  amid  the  tufas  of 
Epimeo. 

The  Hon.  Mr.  Bennet,  in  his  account  of 
Tenerifie,  describes  the  appearance  of  the 
whole  plain  on  which  the  present  cone  is 
situated  as  a  vast  volcanic  crater.  "  After 
surmounting  the  lower  sides  of  the  moun* 
tain,  at  length  an  immense  undulated  plain 
spreads  itself  like  a  fan  on  all  sides  nearly  as 
&r  as  the  eye  can  reach ;  and  this  plain  is 
bounded  on  the  W.S.W.  and  S.S.W.  by  the 
regions  of  the  peak,  and  on  the  Er.  and  N.E* 
by  a  range  of  steep  perpendicular  precipices 
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tfbd  mountains,  many  leagues  in  circumfe*- 
rence^  called  by  the  Spaniards  Las  Faldas. 
M.  Elscolar  informed  me  that  the  wall  could 
lie  traced  for  many  leagues,  the  whole  cir- 
cumference of  which  evidently  formed  the  side 
of  an  immense  crater.  This  tract,  called  Las 
CanaleSj  contains,  according  to  the  same  au» 
thority,  twelve  square  leagues.  As  we  en- 
ter it  from  the  S.W.  there  are  to  be  seen 
several  declivities  of  lava  and  strata  broken 
inwards  towards  the  plain,  and  evidently  a 
continuation  of  the  abovementioned  line  of 
wall,  and  the  remains  of  the  original  crater/' 
The  cone  of  Vesuvius  is  thus  partly  encircled 
by  the  walls  of  a  much  larger  crater,  of  which 
Mount  Somma  formed  one  of  the  sides. 

The  other  extinct  craters  and  soufiPrieres  in 
the  vicinity  of  Naples  are  of  immense  size 
compared  with  any  that  are  in  an  active  state. 
The  magnitude  of  their  opening  must  have 
been  commensurate  with  the  quantity  of 
matter  thrown  out,  for  the  craters  themselves 
are  formed  by  the  eruptions. 

We  cannot  avoid  the  inquiry  respecting 
th^  use  of  these  mighty  agents  in  the  ceco- 
nomj  of  nature.  Were  we  to  consider  vol- 
canic crat^eo  merely  as  the.  vents  for  interod 
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t  further  inquiry  would  arise  respecting 
i  utility  of  these  fires;  tor  we  cannot  sup- 
j  that  tlie  laws  whicli  govern  tlie  interior 
'  our  planet  are  not  directed  by  the  same 
Hign  and  skill  which  are  displayed  in  the 
external  univtrrse.  Now  the  only  instances 
which  we  have  of  actual  rock  formations  in 
our  own  times  are  \'olcuiiic ;  and  when  we 
consider  th«  last  number  und  the  magnitude 
of  extinct  and  active  volcnnot;s,  it  will  nut  ap- 
pear unreasonable  to  suppose  that  thev  have 
been  operative  in  forming  the  origitiaj  mate- 
rials of  which  all  the  %'arious  beds  und  strata 
that  cover  the  globe  were  composed ;  and 
that  these  materials  have  been  successively 
thrown  out  bv  acjueous  and  igneous  eruptions 
m  the  differenistates  of  lava,  sund^and  mud, 
and  also  held  in  chemical  solution  or  mecha- 
il  suspension  by  water.  'I'he  further  con- 
leraiion  of  this  inquiry  will  be  resumed  in 
subsefjuent  chapter. 
The  substances  eniiUed  or  ejected  from 
volcanoes  are  either  solid,  ttuid,  or  volatile. 
/^Diong  the  first,  we  may  mention  maases  of 
rock  ejected  at  the  commencement  of  an 
«rnpiion  without  being  acted  upon  by  (ire. 
Aowug  tlie  melted  substances  may  be  enu- 
merated 


IWflQBite^  4a»a9  pupMe,  muk  valcaiuc  gkni^ 
LaKfi  is  ipourecl  out:of  liie^orater  or  sides  of 
a  Toloano,  and  desoeods  in  currents  of  redr 
hot  liquid  natter,  of  a  pa8t)f  tenadous  coin 
sbtesce  like,  .that  of  melted  oret  or  slag  finonn 
a  furnace.  The  quantity  of  lava  ejected 
during  a  siugie  eruption  is  sometimes  mcoiw 
oeivahly  great.  The  current  which  fldwed 
ie&m  JSAxm  in  1669  is  two  miles  in  breaddoii 
fifteen  atiles  in  length,  and  two  hundned  feet 
in  depth ;  it  relains  a  porbom  of  its  heat  ta 
the  present  day.  Ferrara  says  ihat  in  18099 
lA^ten  this  lava  was  perforated  at  Calaniai. 
flames  hroke  .out,  and  it  cGNStinued  to  smoki 
at  the  surface,  after  rain,  at  the  hegimiing  of 
the. present  cenbiry,  or  130  years  after  its 
jsruptioa. 

The  following  (^rcumstance,  comm  unicated 
to  me  by  a  ^ery  intelligent  gh»»*iaanu&pt 
tuner,,  ei^iqces  the  difficulty  with  which  beat 
passes  through  vitreous  substances*  When 
the  pot  oonl&ining  the  melted  gkuw  cracks  in 
the  fiiraace,  it  is  common  tq  poar  out  the 
contents  into  water.  A  mass  of  melted  giass 
in.  this  situation  will  jsoon  become  cool  and 
solid  on  the  outside ;  but  the  internal  pjarU 
^ill  prasf^rir^  a  rod  heat  for  &y$x  or  Jv^  houn 
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,  and  may  be  seen  &liining  through  tha 
water  when  the  temperature  otlhe  outside  of 
the  glass  is  but  sensibly  M-;irm. 

Lavas  have  generaily  a  base*  of  horn- 
blende or  of  felspar.  Compact  lavas  with  a 
bwe  of  hornblende  have  a  near  resemblance 
to  basalts:  theyconlain  a  considciabte  por- 
tion of  iron,  and  attract  tlie  magnet :  they 
mtit  into  black  scoriae  with  the  blowpipe: 
tliey  have  a  dark  or  black  colour,  and  are 
hard,  sonorous,  and  heavy. 

Lavas  are  frequently  porphyritic,  and  con- 
tain crystals  of  felspar  and  mica,  and  crystals 
called  by  mineralogists  garnet,  leucite,  oH- 
riiw,  augtte,  and  vcsuvian.  Many  of  the 
laras  from  Mtaa.  are  porphyritic,  and  receive 
a  good  polish.  A  small  tablet  in  my  posses- 
sion contains  thirty-six  polislied  specimens  of 
the  lavas  of  diflerent  eruptions  from  that  vol- 
cano, all  varying  in  colour  and  external  ap- 
pearance. 

Lava  with  a  ground  of  felspar  is  generally 
gray.  Compact  lava  commonly  occupies  the 
central  parts  of  vulcanic  currents,  and  porous 


•  The  mineral  substance  wliich  forms  the  prineipnl  part 
pf  asf  cotniiound  stone  i«  «atd  to  compose  its  base. 
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and  vesicular  lava  the  superficial  part«  .  The 
cavities  in  vesicular  lava  vary  in  size  £rom 
that  of  a  pea  to  a  small  nut :  they  are  round 
or  elliptical,  and  often  contain  a  white  ra- 
diated mineral  called  zeolite.  Some  lavas 
resemble  the  slags  or  scoriae  from  furnaces; 
and  the  upper  parts  of  currents  of  lava  are 
often  vitrified. 

Currents  and  masses  of  undoubted  lava 
often  present  the  appearance  of  distinct  stia- 
tification  :  in  some  instances  this  is  owing.to 
different  currents  of  lava  that  have  iioved 
and  spread  in  succession  over  each  other* . .  la 
other  instances  the  apparent  stratificatioO:  is 
owing  to  horizontal  seams  in  the  same  mass^ 
occasioned  probably  by  contraction  wbtrQ 
cooling,  and  a  tendency  to  crystalline  ar» 
rangement.  Volcanic  powders  or  ashes  am 
also  frequently  spread  regularly  over  exten* 
sive  tracts,  and  form  beds  alternating  with 
currents  of  lava.  Hence  we  may  Ijearn  that 
stratification  alone  is  not  sufficient  to  disprove 
the  igneous  origin  of  rocks^  which  are  in  .otjber 
respects  similar  to  volcanic  products. 
.  The  light-coloured  or  whitish  porous  lavas 
becouie  fibrous^  and  pass  into  a  light  spoqgy 
stone  called  .  pumice.     The.  islanjil  6f  UfHEuri 
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coQtaJiu  a  inonntnin  entirely  formed  of  whits 
pumice :  when  seen  at  a  distance,  it  exciie» 
the  idea  that  it  is  covered  with  snow  from  the 
summit  to  the  fcxit.  Almost  all  the  puraice- 
ttone  employed  in  commerce  is  brought  from 
this  immense  mine.  The  mountain  is  not  one 
compact  mass,  but  is  composeil  of  balls  or 
globes  of  pumice  aggregated  together,  but 
without  adhesion.  From  hence  Spallanzani 
infers  lh»t  the  pumice  was  thrown  out  of  a 
volcano  in  a  slate  of  fusion,  and  took  a  glo- 
bose form  in  the  air.  Some  of  these  balls  of 
pumice  do  not  exceed  the  size  of  a  nut,  others 
area  foot  or  more  in  diameter.  Many  of  these 
jmniices  are  so  compact  that  no  pores  or  fila- 
ments are  visible  to  the  eye;  when  viewed 
with  a  lens  they  appear  like  an  accumulation 
of  small  flakes  of  ice.  Though  apparently 
compact,  they  swim  on  water.  Other  pu- 
mices contain  pores  and  cavities,  and  are 
composed  of  shining  white  filaments.  By  a 
long  continued  heat  pumice-stone  melts  into 
a  vitreous  semi-transparent  mass,  in  which  a 
number  of  small  crystals  of  white  felspar  arc 
seen.  In  all  probability  light-coloured  gray  pu- 
mice is  formed  from  ft  Is  par  by  volcanic  fires. 
Black  or  dark  coloured  pumice  is  more  un- 
commou. 


.    f 


eonttncm.  Hvmboldt  sajs  he  has  seen  blM^ 
f>umice  in  which  augite  and  horoblende  may 
be  recognised ;  he  is  inclined  to  think  ^t 
tsnch  subsitances  owe  their  origin  to  baBallie 
lavas  which  have  assumed  a  capiiiary  w 
fibrous  form  bj  intense  heat. 

Immense  (fuatitities  of  pomioe  are  some^ 
times  thrown  up  by  submarine  volcanoes.  It 
has  been  seen  floating  upon  the  sea  over  H 
space  of  three  hundred  miles,  at  a  great  di« 
stance  ffom  any  known  volcano ;  and  front 
hence  it  may  be  inferred  that  eubmarine  voi^ 
canoes  sometimes  break  out  at  euch  vast 
deptlis  under  the  ocean,  that  none  of  dieif 
products  reach  the  eurlkce  ex<;ept  such  as  are 
lighter  than  water. 

Obsidian  or  volcanic  glass  so  neaHy  re- 
sembles lumps  of  black  glass,  that  they  can 
scarcely  be  distinguished  by  the  unpractised 
observer.  Its  broken  surface  is  smooth,  com 
choidal,  and  shining :  the  most  common  co^ 
iour  of  obsidian  is  a  velvet  black.  The  thinner 
pieces  are  translucent.  It  is  harder  than  glass, 
and  strikes  fire  with  steel.  It  is  <x>mmoQ  ia 
the  neighbourhood  of  volcanoes,  lind  in  some 
basalts  which  are  most  probably  the  products 
of  volcanic  fire^  now  extinguisbedt  In  Ltpeii 

one 


one  of  the  yokanic  isles^.  the  mountain  de  la 
I,  according  to  Spalanzani,  is  wholly 
iposed  of  volcanic  glass,  which  appears 
10  hmre  flowed  in  successive  currents,  like 
•feream^  of  water  ialting  with  a  rapid  descent 
and  suddenly  frozen.  This  glass  b  sometimes 
compact,  and  sometimes  porous  and  spongy. 
Obsidian  appears  to  be  lava  suddenly  cooled : 
if  a  mass  of  lava  or  basalt  be  exposed  to  the 
heat  of  a  glass  furnace,  it  melts  into  a  shining 
Uaek  or  greenish  bhick  glass.  Numerous 
veins  of  obsidian  are  said  to  intersect  the 
Mne  of  Mount  Vesuvius,  and  serve  as  a  ee* 
«ent  to  keep  together  the  loose  materials  of 
which  it  is  composed.  Obsidian  is  sometimes 
ground  and  polished,  and  used  for  mirrors. 
!  On  the  elevated  plain  which  surrounds  the 
eosical  peak  Tenerifie  there  are  masses  of  ob* 
sidian,  which  graduates  into  pitch-stone,  con- 
lidoing  crystals  of  white  felspar.  On  the  south- 
iveafc  side  of  the  peak  there  is  a  stream  of  vi- 
tfeous  lava  or  obsidian  several  miles  in  length. 
Colonel  Imrie  describes  a  cement  of  lava  in 
the  island  of  Felicuda  intennixed  with  obsi- 
tiian,  which  had  been  flowing  with  it,  and 
now  formed  part  of  the  congealed  stream. 

■ 

In  some  parts  the  obsidian  is.  seen  losing  its 

•  brilliancy. 
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brilliancy,  and  passing  into  granular  lan^ 
which  beppmes  similar  in  colour,  fracture; 
and  texture  to  the  other  parts  of  the  streasL 
Where  the  obsidian  appears  in  a  state  of 
perfect  glass,  it  is  very  near  to  where  it  has 
been  6rst  ejected  from  the  side  of  the  crater, 
and  in  a  situation  where  it  must  have  un^ 
dergone  a  rapid  cooling.  In  some  parts  of 
these  congealed  streams  I  could  trace  a 
transition  of  the  obsidian  into  pumice.  In 
these  places  the  obsidian  contained  scattered 
air  globules,  which  were  almost  always  length* 
ened  in  the  direction  of  the  stream.  These 
globules  gradually  augmented  in  number  un- 
til the  whole  substance  became  a  light,  finh 
gile,  and  frothy  pumice*.  Obsidian  is  found 
in  the  crater  of  Vulcano^  one  of  the  iEolian 
islands,  and  may  be  seen  forming  there  at  the 
present  time-f*. 

The  mud  ejected  from  the  American  vol* 
canoes,  becoming  indurated,  forms  a  solid 
mass  of  earth,  and  makes  a  new  soil  or  sur* 
&ce  frequently  of  vast  extent  and  consider* 
able  depth.  The  volcanic  sand  anjd  6ne  dost 
qr  powders  thrown  out  of  volcanoes  during 

•.  Memoirs  of  the  Wemerian  Society,  \x)l.  ii.  p.  47« 
t  See  Appendix* 

great 
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fraat  eruptions^  and  spread  over  distant  re- 
gkmBf  sometimes  forms  a  covering  of  ftiany 
ieet  in  thickness,  which  becomes  consoli- 
dated by  rain  and  moisture,  and  is  con^ 
rerted  into  a  substance  called  tufiu  In  its 
most  indurated  state  tuin  is  used  for  build- 
ing^stone:  the  softer  kinds,  which  have. a 
ba^  of  clay,  form  tarras  and  puzzolano,  sub- 
ftances  of  great  use  for  making  a  cement 
which  hardens  under  the  sea ;  it  is  previously 
nixed  with  two  thirds  of  common  Hme.  Puc* 
iolano  IS  not  only  found  in  countries  that  are 
the  seat  of  active  volcanoes,  but  in  places 
where  volcanoe.^  have  long  been  extinct,  as 
in  Auvergne  and  other  parts  of  France.  Ac- 
cording to  Mr.  Kirwan,  artificial  tarras  or 
pU22olano  is  made  by  burning  slate  or  clay 
that  abounds  in  iron,  and  grinding  them  to  a 
fine  powder.  Boiling  water  and  bilumerf  are 
the  principal  liquid  products  of  volcanoes. 
Petroleum  or  mineral  oil  sometimes  tricklm 
fJFom  the  fissures  of  lava. 

•  |n  craters  that  are  still  burning,  sulphur  .is 
very  rare;  almost  all  exUnot  volcanoes  beccune 
Bhkies  of  sulphur,  called  by  the  French  $ouf^ 
firieres.  When  volcanic  fires  are  in  a  state  of 
activity  at  the  surtace,  the  sulphur  combines 
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witb  oxygen^  and  imms  sulphureoos  acid  gas 
and  ^Iphttric  acid ;  but  iar  antient  volcanoes 
the  internal  heat,  though  sufficient  to  sublime 
the  sulphur,^  does  not  ehasge  its  nature^  fef 
want  of  an  access  of  air :  the  process  is  simi* 
Iar  to  the  suUimation  of  sulphur  in  close  vea* 
sels  in  the  laboratory  of  the  chemist.  Almoat 
all  the  sulphur  of  commerce  in  Europe  is  pro- 
cured from  the  craters  of  dormant  volcanoes 
in  the  south  of  Italy,  Sicily,  and  the  Lipiii 
islands; 

'.  Muriat  of  ammonia  (sal  ammoniac)  forma 
an  incrustation  on  lavas  soon  after  they  coc^ 
Muriat  of  soda,  of  copper,  and  of  iron,  and 
also  sulphat  of  iron,  or  green  copperas  and 
alum,  i¥ith  specular  iron  ore  and  sulphuret  of 
antimony,  are  among  the  products  M^hich  are 
found  in  the  craters  of  volcanoes. 

The  sulphureous  and  sulphuric  acids  form- 
ed by  the  combustion  of  sulphur  during  er up* 
tions  act  upon  lavas  and  rocks,  and  produce 
different  combinations,  of  which  the  most 
important  are  alum,  sulphat  of  magnesia, 
gypsum,  and  green  copperas. 
'  Hydrogen  and  sulphuretted  hydrogen  an 
emitted  from  volcanoes  in  vast  quantitiea 
Whether  phosphorus  be  a  product  of  voIm* 

Doat 
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noes  is  unknown :  its  extreme  inflammability 
prevents  it  from  being  discovered  in  a  con- 
crete form ;  but  the  dense  white  clouds 
like  bales  of  cotton,  which  sometimes  cover 
Vesuvius,  resemble  the  fumes  produced  by 
the  combustion  of  phosphorus.  Among  the 
products  of  volcanoes  there  are  only  three 
combustible  at  a  moderate  temperature :  sul- 
phur, hydrogen,  and  a  small  portion  of 
carbon.  It  has  been  conjectured  by  Sir  H. 
Daw,  that  the  earths  and  alkalies  which 
form  lavas  exist  in  the  centre  of  the  globe  in 
a  metallic  state,  and  take  fire  by  the  access  of 
water.  This  property  of  the  newly  disco- 
vered metals,  to  inflame  instantly  on  the  ac- 
cess of  water,  by  which  they  are  converted 
into  earths  or  alkalies,  oflers  an  easy  explana- 
tion of  the  origin  of  volcanic  fires,  could  we 
suppose  that  substances  so  extremely  inflam- 
mable and  oxydable  have  remained  forages  in 
a  metallic  state.  There  may,  however,  be  pro- 
cesses going  on  in  the  vast  laboratory  of  the 
globe  that  separate  the  earths  from  oxygen,  and 
prepare  them  for  the  support  of  volcanic  fires, 
by  which  they  are  thrown  upon  the  surface, 
and  thus  establish  a  communication  between 
the  internal  and  external  parts  of  our  planet. 

z  CHAP- 
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AN    Ol'TLlNE    OF    THE    GEOLOGY    ' 
EXCLAND. 

In  the  present  chapter  I  propose  to  trace  aa 
outline  ot'  the  geology  of  England,  ami  tli* 
leading  features  of  its  physical  structure  and 
mineral  geography.     I  wish  the  description^ 
and  the  ninp  which  accompanies  it,  to  be  coiK 
sidered  as  presenting  only  a  rapid  sketch  of 
the  more  important  characters,  witliout  any 
attempt  at  minute  accuracy  of  detail,  which» 
wvYG  it  attainable,  m'ouM  require  an  ample  , 
volume  of  illustration,  and  be  more  likelvto  ' 
latignc  attention  than  to  excite  or  gratify  ge-  i 
ueral  curiosity- 

The  shape  of  every  island  is  determined  by  I 
liie  diHerent  mountain  ranges  that  traverse  iU 
'I'lic  inspection  of  an  accurate  map,  in  which 
ilie  niorunains  and  elevations  arc  distinctly 
Uiarliud,  will  render  this  apparent.  The  length 
of  Britain  is  determined  by  different  groups 
of  hills  and  mountains,  which  viewed  on  a 
grand  scale  may  be  considered  as  forming 
one  chain  extending  along  the  western  side 


438OL0QT  OF  BNauWD.  .889 

of  England  and  Wales^  from  Cornwall  to 
Cumberland)  and  from  thence  to  the  north'- 
em  extremity  of  Scotland.  All  the  highest 
mountains  in  Great  Britain  are  situated  in 
this  chain.  The  breadth  of  our  island  in  the 
southern  and  eastern  parts  is  determined  by 
two  lower  ranges  of  hills :  one  of  these  ex^ 
tends  from  Dorsetshire  to  Kent;  the  other 
stretches  in  a  waving  line  from  the  isle  of 
Portland  to  the  Wokis  in  ihe  east  riding  of 
Yorkshire. 

The  western  chain  of  mountains  is  broken, 
by  the  intervention  of  the  Bristol  channel 
and  the  low  grounds  of  Lancashire  and  Che^ 
shire,  into  three  parts  or  ranges.  For  the 
sake  of  distinction  they  may  be  denominated 
the  Northern,  the  Cambrian,  and  the  Devo- 
nian range.  Considered  as  parts  of  one 
chain,  they  constitute  the  alpine  district  of 
England,  coloured  red  in  the  map,  plate  IV. 

The  line  AAA  nearly  marks  the  direction 
of  the  range  of  calcareous  hills  or  strata  which 
extends  from  the  west  of  Dorsetshire  to  near 
Scarborough.  The  line  passes  on  the  western 
ride  of  Wiltshire,  Oxfordshire,  and  through 
Northamptonshire,  Leicestershire,  Notting- 
hamshire, and  the  east  riding  of  Yorkshire. 

z  2  The 
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The  country  eaat  of  this  line  maybe  con- 
sidered as  forming  the  low  district  of  England, 
coloured  yellow  in  the  map.  The  country  on 
the  west,  between  this  line  and  the  alpine  di« 
strict,  may  be  denominated  the  middle  di- 
strict* These  have  marked  geological  charac- 
ters^.which  we  shall  attempt  to  delineate,  com- 
mencing from  the  coast  of  the  low  district. 

In  the  geological  examination  of  a  district, 
see  plate  I.  fig.  1,  we  may  with  equal  ad  van* 
tagc  commence  from  the  loftiest  part,  w  here 
the  lowest  rocks  rise  through  the  surface,  as 
at  a,  and  from  thence  we  may  de^scend  over 
the  rocks  2,  3,  4,  5,  6^  describing  them  in 
succession ;  or  we  may  commence  from  the 
sea  shore,  and  observe  the  rocks  6,  5,  4, 3,  2, 
as  they  rise  from  under  each  other,  to  the 
surface,  which  they  will  do  in  some  part  of 
their  course,  if  not  dislocated  by  faults. 

The  low  district  is  particularly  distinguish- 
ed by  the  absence  of  any  regular  beds  of 
coal  or  metallic  veins.  It  is  principally  com*^ 
posed  of  chalk  and  thick  beds  of  sand  and 
clay,  with  roe-stone,  calcareous  sand-stone, 
and  earthy  lime-stone,  which  were  descri- 
bed in  the  ninth  chapter.  The  highest  hills 
do  not  rise  more  than  six  or  seven  hundred 

feet 
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above   the  level  ot"  the  sea  exco.pt  in  tt 
lew  instancus.     Chaik  is  the  prevailing   rock  j 
of  this  distnct :  it  has  been  described  as  coiK  \ 
aij-iing    ot'    two    distinct    formations    distin-  j 
guislicd  by  the  lowermost  l>eing  without  Hints.  [ 
Chalk   rises   to  the  surface   in  the  southern  J 
counties   from  Dorsetshire  to  Kent,  and  in  ] 
the  midland  counties  of  Wiltshire,  Berkshire, 
Hertfordshire,  Buckinghamshire,  Essex,  Cair 
bridgeshire,   Norfolk,    Lincolnshire,  and  tha  j 
east    riding  of    Yorkshire.      In    various  parts 
of  the  low  district  the  chalk  is  covered  by  ] 
thick  beds  of  clay,  particularly  bv  a  remark* 
ably  thick  stratum  which,  has  been  called  the 
London  clay  because  it  extends  over  the  \ 
of  Thames  in  the  vicinity  of  London. 

The  London  clay  is  in  some  situations  live 
hundred  feet  in  thickness,  and  is  distinguished 
by  the  variety  of  the  organic  remains  which  , 
it  contains,  and  by  large  nodules  of  imperfecc  ] 
iron-stone  formed    into  septaria,    or  cells,  by*  I 
veins  of  calcareous  bpar.     I'hese  are  the  ball*  | 
from  which  Parker's  Koman  cement  is  made 
by  burning.     It  is  this  clay  which  was  cut 
through  in  forming  the  archway  at  Highgnt*?. 
In  the  calcareous  loam  and  marie  oxer  i 
Lftodon  ctay  are  found  tlie  bonen  of  the  < 
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phant,  the  rhinoceros,  the  hippopotamus,  the 
tapir,  and  the  elk.  They  generally  occur  in 
low  situations.  At  Brentford  a  vast  collection 
of  these  bones  were  recently  found  in  the 
grounds  of  Mr.  Trimmer.  About  half  a 
century  since  a  large  trunk  of  an  elephant 
was  discovered  in  sinking  a  well  on  the  very 
:^pot  where  the  present  volume  was  printed 
near  St.  Andrew's  Church,  Hoi  bom*.  At 
Hampstead  and  Bagshot  this  clay  is  covered 
with  sand  and  gravel.  This  very  thick  bed 
of  clay  appears  to  have  been  deposited  in  ex* 
tensive  lakes  or  basins  formed  in  chalk.  These 
lakes  probably  contained  salt  water,  as  the 
organic  remains  are  analogous  to  the  marine 
shells  of  tropical  climates,  but  the  existence 
of  wood  and  vegetable  products  also  in  this 
stratum  indicates  that  dry  land  existed  in  its 
vicinity.  In  its  geological  position  and  the 
fossils  that  it  contains,  it  resembles  what  has 
been  denominated  the  lower  marine  forma*- 
tion  over  chalk  near  Paris,  The  parts  of  the 
low  district  covered  by  this  clay  are  marked 


•  For  this  information  I  am  indebted  to  Mr,  Parker 
pf  Fleet  Street,  whose  father  was  present  ivhen  it  ivas 
takeu  out. 
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in  the  map  by  the  dotted  Hnes  ooo.  Over 
this  bed  of  clay  there  have  been  local  depo- 
sits of  strata  which  may  be  traced  in  some 
parts  of  the  low  district,  but  more  distinctly 
in  the  Isle  of  Wight  than  elsewhere.  On.  a 
more  attentive  examination  of  these  stratay  it 
iias  been  discovered  that  they  present  the  re- 
markable appearance  of  beds  containing  fresh 
water  shells  alternating  with  beds  of  marine 
shells ;  thus  indicating  a  succession  of  changes 
and  revolutions  at  the  period  of  their  forma- 
tion, by  which  the  surface  has  been  alter* 
nately  covered  with  salt  and  fresh  water.  For 
the  knowledge  of  this  curious  fact  we  are  in- 
debted to  Mn  Webster,  from  whose  account 
of  the  Isle  of  Wight,  in  the  second  volume  of 
Transactions  of  the  Geological  Society  of 
London,  it  appears  that  the  chalk  and  Lon- 
don clay  pass  under  the  channel  called  the 
Solent,  and  rise  in  the  middle  of  that  island, 
forming  a  range  of  hills,  which  extends  from 
Colver  clitfs  on  the  east  to  the  Needles  on  the 
west.  It  is  truly  deserving  notice,  that  the 
strata  of  this  range  are  here  thrown  into  a 
vertical  position,  by  one  of  those  great  convul- 
sions  of  nature  which  so  many  circumstances 
indicate  to  have  formerly  agitated  the  globe. 

The 
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The  \i^hole  thickness  of  these  beds,  which  are 

« 

nearly  vertical,  according  to  Mr.  Webster's 
measurement,  is  not  less  than  three  thousand 
feet,  including  fourteen  hundred  and  eighty- 
one  feet  of  strata  above  the  chalk,  about  nine 
hundred  and  eighty*seven  feet  of  chalk,  and 
five  or  six  hundred  feet  of  lower  strata. 
Further  south  the  strata  under  chalk  are  seen 
again  in  their  original  horizontal  position,  and 
on  the  northern  side  are  hills  composed  of 
horizontal  strata,  evidently  of  a  formation 
posterior  to  the  time  when  the  chalk  strata 
were,  overturned.  That  the  latter  were  once 
nearly  horizontal,  may  be  inferred  from  th^r 
always  occurring  in  that  position  in  the  south- 
ern counties,  and  is  rendered  certain  from 
the  following  circumstance  described  by  Mr. 
Webster.  In  one  of  the  vertical  beds  con* 
sisting  of  loos^  sand  are  several  layers  of 
flints,  extending  from  the  bottom  to  the  top 
of  the  cliff.  '*  These  flints  have  been  round- 
ed by  attrition,  are  from  an  inch  to  eight 
inches  in  diameter,  and  appear  to  have,  be* 
longed  to  the  chalk.  Now  it  is  inconceivable 
that  these  f)ints  could  have  been  originally 
deposited  in  their  present  position :  they  di« 
;>luictly  point  out  the  former  horizontal  di* 

recti  on 


GBOLOGT  Ot  ENGLAND.  345 


0 


rection  of  this  series.  There  are  no  signs  cff 
partial  disturbance  in  these  beds ;  the  whole 
appears  therefore  to  have  l>een  moved  toge- 
ther/'- The  enormous  force  required  to  oc- 
casion a  displacement  of  the  strata,  not  onlv 
through  the  whole  island  but  into  Dorset- 
shire, where  it  can  be  traced  beyond  Lul- 
worth,  must  have  been  sufficient  to  form  or 
destroy  extensive  lakes,  and  perhaps  to  sepa- 
rate England  from  the  Continent. 
.  dose  adjoining  the  vertical  strata  on  the 
northern  side  of  the  island  occur  a  series  of 
horizontal  strata,  which  are  distinctly  visible 
in  a  hill  called  Headon : — these  strata  consist 
of  an  alternating  series  of  fresh-water  and 
marine  deposits,  bearing  a  striking  similarity 
to  the  strata  in  the  vicinity  of  Paris.  Accord- 
ing to  Mr.  Webster,   they  consist  of 

1  A  calcareous  stratum,   containing  only 

fresh-water  shells. 

2  Greenish  marie  with  marine  shells. 

3  Marie  w^th  fresh-water  shells. 

4  Dark  blue  clay  without  shells. 

Thus  we  have  over  chalk  four  distinct  for- 
mations. A  lower  marine  formation,  which 
includes  the  London  clay.  A  lower  fresh- 
water formation,  No.  1 .     The  strata  of  this 

formation 
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formation  consist  of  sandy,  calcareous,  and 
argillaceous  marie ;  some  of  them  appear  to 
be  formed  almost  wholly  of  the  fragments  of 
fresh* water  shells,  without  any  mixture  what* 
ma^x  of  marine  shells.  ^^  From  the  quantity  of 
these  shells,  and  the.  regularity  and  extent  of 
the  strata,  we  are  compelled  ( says  Mr.  Web- 
ster) to  admit  that  the  spot  where  they  now 
are  was  once  occupied  by  fresh  water,  in 
which  these  animals  existed  in  a  living  state. 
Over  this  fresh  water  occurs  an  upper  stratum, 
which  contains  a  vaat  number  of  fossil  shells 
wholly  marine ;  again,  over  this  marine  for- 
snation  in  the  same  hill,  is  a  calcareous  strsr 
turn  fifty-five  feet  in  thickness,  every  part  of 
which   contains   fresh-water   shells  in  great 
abundance  without  any  admixture  of  marine 
exuviae.     Many  of  the  shells  are  in  high  pre- 
servation,  and  the   animals   must  formerly 
have  lived  in  the  very  spots  where  they  now 
are,  the  shells  being  so  fragile  that  they  could 
not  have  been  removed  from  their  original 
situation  without  breaking.  Part  of  tlie  stone 
of  this  formation  is  very  hard  and  compact, 
and  has  long  been  extensively  used  for  build* 
ing  stone.     This  stratum  appears  to  bare  ex- 
tcbded  over  the  whole  of  the  northern  part 

of 
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flie  Isle  of  Wight ;  but  it  has  not  yet  been 
discovered  in  any  other  situation  on  this  side 
of  the  water :  it  may  be  consiiJered  a*  the 
latest  formation  of  rock  we  itre  acquainted 
with  in  England,  and  agrees  in  many  of  its 
mi  oera logical  characters,  and  the  fossili  it 
contains,  with  the  fre&h-water  limestone,  cal- 
caire  d'ean  dottce^  in  the  vicinity  of  Paris; 
they  are  difterent  from  any  other  known 
rock.  "  But  no  where  has  there  been  disco 
\-ercd  in  the  series  of  fresh-water  strata  in 
England  any  trace  of  the  reniarUable  beds 
of  gvpsum  containing  bones  of  unknown  ge- 
nura^  and  species  of  quadrupeds,  similar  to  the 
gvpsum  of  Montmartre.     See  chapter  9-       '  i 

Chalk  appears  above  the  surtsice  in  variouB 
situations  in  the  southern  counties  from  Dor* 
sctNhire  to  Kent,  and  in  the  midland  counties 
of  Wiltshire,  Berkshire,  Hertfordshire,  Buck- 
inghamshire,   Essex,    Cambridge,   Norfolk, 
Lincolnshire,  and  the  East  Riding  of  York- 
shire.    Chalk  is  also  found  below  the  surfaco  ' 
in  Huntingdonshire  and  Rutlandshire.     The  ' 
strata  which  lie  under  chalk,  and  may  be 
considered  as  part  of  the  same  series,  rise  1 
the  surface  as  we  approach  the  coal  districte, 
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north-west.  The  Rev.  J.  Townsend,  in  a 
Mork  entitled  ^^The  Character  of  Moses  vindi- 
cated as  an  Historian/'  has  attemptedto  ascer- 
tain the  succession  and  thickness  of  the  strata 
from  the  chalk  on  the  south  coast  to  the  coal 
districts  in  Somersetshire.  The  result  of  such 
a  calculation  must  be  liable  to  uncertainty 
from  the  difficulty  of  meeting  with  the  strata 
imcovered,  but  it  may  desene  notice  as  an 
approximation  to  truth. 

I  shall  state  the  order  and  thickness  of  the 
beds,  preserving  the  same  names  which  Mr. 
Townsend  has  given. 

Soil  and  alluvial  ground,  various  thickness: 

Chalk,  more  than         ....      . .     400  Feet. 

Three  beds  of  green,  gray,  and  red  1  «qq 
aand,  with  sand-stone     ....      J 

Clay  in  one  siti^ation       . .         • .         200 
Superior  oolite  or  roe-btone  . .  40 

Calcareous  grit  , .  . ,  . .     30 

Coral  rag         30 

Forest  marble         •  •         •  •         ,  •        40 
Great  oolite  or  Bath-stone         .  •         140 

Clay         140 

Inferior  oolite  and  sand         .  •       •  •       SO 

Blue  clay         70 

Lyas         .  •         •  •         • .  •  •         60 

^  Red  niarle         ..  .•         ••         180 


*  Sec  Appendix. 

Some 
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Some  beds  of  minor  importance  are  not 
noticed  in  the  above  statement;  and  it  is 
well  known  that  these  strata  vary  in  thick- 
ness in  different  parts  of  their  extent.  The 
chalk  in  some  situations  is  nearly  one  thou- 
sand feet  in  thickness,  and  the  thickness  o( 
the  strata  which  cover  it,  according  to  the 
statement  of  Mr.  Webster,  is-  more  than 
fourteen  hundred  feet  in  the  Isle  of  Wight. 
If,  therefore,  to  the  above  estimate  we  add 
one  thousand  feet  for  the  London  clay  and 
chalk,  and  for  minor  strata,  which  have  been 
omitted,  this  would  make  the  depth  of.  the 
strata  in  the  vale  of  Thames  to  the  strata 
containing  coal,  about  nine  hundred  or  one 
thousand  yards.  If  we  suppose  the  lower 
strata  accompanying  coal  to  extend  regularly 
under  calcareous  sand-stone  and  chalk-rocks, 
it  would  be  a  very  interesting  subject  of  in- 
quiry to  determine  the  accuracy,  of  this  esti- 
mate. The  expense  of  such  an  experiment 
would  be  too  great  for  any  individual  or  pri-. 
rate  company;  yet,  when  the  coal  fields  in 
the  north  are  exhausted,  it  will  become  an 
object  of  future  public  interest.  Nor  would 
the  amount  of  the  expense  for  various  com- 
plete trials  in  different  situations  exceed  that 
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of  the  present  national  expenditure  for  one 
iH?eeK* 

The  depth  of  the  whole  calcareous  strata^ 
from  the  ypper  chalk  to  coal  strata,  is  not 
much  more  than  twice  the  depth  of  some 
mines  in  England ;  and  were  we  to  commence 
operations  where  the  chalk  terminates  in  Bed- 
fordshire, we  should  save  the  expense  of  sink- 
ing through  one  thousand  feet  or  more  of 
chalk  and  clay,  which  form  the  substrata 
near  London.  Where  chalk  terminates,  and 
the  subjacent  sand  rises  from  under  it  as  at 
Woburn  sands,  the  depth  of  the  argillaceous 
strata  containing  coal  is  not  greater  than 
some  of  the  present  northern  mines,  if  the 
strata  have  the  same  thickness  in  that  county 
as  in  Dorsetshire  and  Somersetshire.  Having 
arrived  at  regular  argillaceous  coal  strata, 
how  much  deeper  we  must  sink  to  gain  the 
first  bed  of  workable  coal,  could  only  be  as- 
certained by  trial :  it  probably  would  not  ex- 
ceed forty  or  fifty  yards.  I  am,  however, 
inclined  to  believe  that  the  lower  secondary 
strata  do  not  extend  to  any  considerable  di- 
stance beyond  their  known  limits,  and  that 
calcareous  strata  near  the  coast  lie  on  pri- 
mary or  transition  rocks,  without  the  inter- 
vention 
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rention  of  coal  strata*.  The  determination  of 
lliis  question  will  be  a  subject  of  the  highest 
national  importance  in  the  course  of  a  very 
few  centuries,  when  the  coal  fields  which 
supply  the  metropolis  and  southern  counties 
are  worked  out.  Our  prosperity  and  great- 
ness as  a  manufacturing  nation  will  depend 
on  the  result  of  this  inquiry. 

To  the  above  remarks,  given  in  the  first 
edition  of  this  work,  I  may  now  add,  that  a 
similar  experiment  has  been  made  in  that  part 
of  the  low  district  which  extends  in  the  eastern 
ode  of  the  county  of  Durham,  and  is  covered 
by  calcareous  strata,  principally  of  the  mag- 
oesian  lime-stone.  Many  practical  miners  had 
asserted  that  the  coal  strata  were  either  lost, 
or»  as  they  term  it,  thrown  out  on  the  eastern 
side  of  this  lime-stone,  and  did  not  dip  or  in- 
cline under  it.  J.  Goodchild,  Elsq.  who  ha<^ 
extensive  quarries  in  the  lower  strata  of  this, 
lime-stone  west  of  Sunderland,  informed  me 
that  he  had  directed  them  to  be  l>ore(i 
dirough,  and  found  underneath  a  very  thick 
bed  of  argillaceous  shale,  under  which  were 
regular  coal  strata  and  beds  of  coal,  which 
will  be  highly  valuable  when  the  old  coal 
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fields  of  that  county  are  more  exhausted, 
though,  on  account  of  their  great  (fepth,  they 
would  not  repay  the  expense  of  working  at 
the  present  time. 

The  northern  extremity  of  the  low  district 
is  broken  by  a  range  of  lofty  hills  uhich  in- 
tervenes, called  the  eastern  moorlands,  mark- 
ed B  in  the  map^  It  appears  again  beyond 
them  on  the  eastern  side  of  the  counties  of 
Durham  and  Northumberland. 

The  calcareous  formation  on  the  eastern 
side  of  England,  which  from  its  principal 
rock  we  may  denominate  the  chalk  forma- 
tion, has  three  remarkable  and  extensive  va^ 
rieties  of  lime-stone.  First,  the  chalk ;  se- 
condlv,  roe-stone,  similar  to  Portland-stone, 
and  below  this  the  magnesian  lime-stone; 
bordering  the  coal  strata  various  thick  beds 
of  clay  and  sand,  above  enumerated;^  occupy 
the  intermediate  space  between  these  diffe- 
rent lime-stones.  The  roe-stone  is  exten- 
sively spread,  making  its  appearance  in  vari- 
ous parts  of  the  low  district  from  the  isle  of 
Portland  in  Dorsetshire  to  the  east  and  north 
ridings  of  Yorkshire,  but  is  not  much  known 
or  noticed  in  the  latter  county.  I  have  seen 
it  insiiif  a  few  ir/ilcs  north-west  of  Doncaster'; 

It 
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riso  appears  north-east  of  Scarborough :  it 
is  liere  remarkably  compact  and  indurated, 
and  the  ova  or  globules  are  too  small  to  be 
distinctly  seen  without  a  lens. 

The   magneslan  lime-stone,  which  imme- 
diately borders  the  middle  district  in  many  , 
parts  from  Durham  to  Derbyshire,  does  not 
appear  to  extend  into  the  southern  counties. 
Atieast  I  am  unacquainted  wiih  its  occurrence, 
nor  is  it  nuiicfd  in  Mr.  Tounsend's  account  ( 
of  the  succession  of  the  strata  from  the  chalk  i 
to  the  coal.     !  am  niiher  inclined   to   regard  ■ 
the    blue  clay  and  lyas*,    as  occupying  the  , 
place  of  the    magnesian  limestone ;    and  it  ; 
may  add  further  probability  to  this   opinion, 
that    the   fossil  remains    of  flat  fish,   which 
are   common  in   the  lias,    have  been  found 
in  the  lower  strata  of  magnesian  hme-stone. 
To   those  who  are  desirous  of  studying    the 
geolog)'  of   the  countries   occupied  by  the 
chalk    formation    and   the  subjacent   strata 
of  the    low   district,    I    particularly   recom- 
mend Mr.   Farcy's  account  of  the  series  of 
strata  subjoined   in   the  Appendix,  and  the 


f  Puticnlsr  strata  described  in  the  Appendix  by  Mr. 
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papiers  by  Mr.  Parkinson  and  Mr.  Webster  in 
the  first  and  second  volumes^  of  the  Trans- 
,  actions  of  the  Geological  Society. 

The  low  district  we  have  been  describing, 
except  various  stpnes  suited  for  architecture, 
contains  few  minerals  particularly  deserving 
attention.  Iron  pyrites  is  found  crystallized 
in  chalk  rocks,  and  large  crystals  of  sulpbat 
of  bary tes  have  recently  been  discovered  near 
Croydon  in  Surrey.  Fullers  earth  is  also 
peculiar  to  the  strata  under  chalk.  Iron- 
stone is  found  in  part  of  this  district,  but  is 
of  little  value  where  proper  fuel  cannot  be 
obtained  near  it. 

It  has  been  previously  remarked,  that  the 
number  and  variety  of  the  organic  remains 
found  in  the  rocks  and  strata  are  the  most  in- 
teresting objects  which  this  district  contains. 

The  middle  district,  consisting  of  argilla- 
ceous and  siliceous  sand-stone  and  shale, 
is  bounded  on  the  east  by  the  calcareous 
'  range  of  hills  or  strata  forming  part  of  the 
series  described  by  Mr.  Farey,  (see  the  Ap- 
pendix,) and  extending  from  Dorsetshire  to 
Yorkshire,  near  the  line  marked  A  A  A* 
The  western  boundary  from  Northumber- 
land  to  the  county  of  Derby  is  formed  by 

the 
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metalliferous  lime-stone  mountains  of  the 
nortliern  alpine  district,  or  by  mountains  of 
coarse   grit,    called    mill-stone    grit,    or   by 

lick  beds  of  shale,  which  rest  upon  IJme- 
This  line  is  marked  C  C  C  in  the 
map,  and  is  continued  into  Somersetahire,  to 
show  that  no  metaUic  veins  of  any  conse- 
quence are  found  east  of  it  in  any  part  of 
England  *. 

The  secondary  strata  of  the  middle  district 
extend  west  of  the  line  C  C  till  they  touch 
the  Irish  sea  on  the  coast  of  Lancashire,  or 
are  bounded  by  the  alpine  districts  of  Wales 
and  Devonshire.  On  this  side  of  England 
strata   are   very    Irregular,    and    mut'h 

iken  by  faults,  and  by  occasional  hilU 
of  transition  and  basaltic  rocks  which  rise 
through  them,  and  by  branches  from  the 
mounniins  of  Wales,  particularly  in  the  county 
of  Shropshire,  and  in  n  line  extending  from 
thence  to  the  hills  of  Charnwood  forest. 

None  of  the  hills  in  the  middle  district  rise 
igher   than  fourteen  hundred  and  fifty  feet.  ^ 


*  Ores  of  the  copper  and  cobalt  said  to  be  recently 
(Uscovered  at  Branicote  in  Nottinghaimhire  are  notliing 
laure  than  (he  oxyd  of  iron. 

a  A  2  above 
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above  the  level  of  the  sea.  The  general  ele- 
vation of  the  level  country  in  the  central 
parts  of  England  may  be  determined  by  that 
of  the  canals.  The  Ashby  de  la  Zoucli 
canal^  in  its  course  to  Oxford,  unites  with 
several  others,  along  which  a  boat  may  pass 
seventy  miles  equidistant  from  the  eastern 
and  western  sea  (without  the  interruption  of 
a  single  lock)  at  the  level  of  two  hundred 
and  seventy-eight  feet  above  the  high-water 
mark  at  Crainsboroiigh. 

The  highest  part  of  the  middle  district  is 
the  eastern  moorlands  of  Yorkshire,  or  the 
Cleveland  Hills,  which  rise  more  than  four- 
teen hundred  feet  very  abruptly  on  the  north- 
eastern side.  Aluminous  schistus*  of  vast  and 
unknown  thickness  forms  the  base  of  these 
hills,  extending  east  and  west  about  thirty 
miles  from  Robin  Hood's  Bay  to  Guis- 
borough,  Stokesly  and  Osmotherly.  The 
breadth  of  the  Cleveland  Hills  is  about  fifteen 
miles  ;  but  on  their  south  side  the  alum  slate 
is  principally  covered  by  sand-stone  and  marle». 
which  belong,  I  conceive,  to  a  peculiar  coal 


*  The  provincial   name  by  which  it  is  best  known  is 
alum  shale* 

formation* 
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^formation.  On  tlie  north-etist  the  alum  roclc 
extends  along  tlu^  coast  from  Robin  Hood's 
Bay  l)V  Whitby,  Sands-End  and  Lythe  to 
HiintchfF  near  Bretton,  from  whence  it  turns 
to  the  soiith-wt'st  to  Whorlton.  The  coal  for- 
mation covering  a  considerable  part  of  these 
hills  rises  from  under  the  oolite  lime-stone. 
1  have  not  had  an  opportunity  of  tracing  the 
course  of  the  strata  on  the  south  and  south- 
west. According  to  Mr.  Farcy*,  the  basset 
or  rise  of  these  measures  runs  near  Westow 
S.S.W.  of  Melton,  by  Spittel  bridge,  Sher- 
riffe-Hutton,  Coxwold,  Thirsk,  and  from 
ihence  north-east  to  Danby  Dale.  The 
oolite  limestone  also  makes  its  appearance 
Tery  near  the  base  of  these  hills  near  Pick- 
ling. In  many  parts  the  alum  shale  is 
ivered  by  strata  of  sand-stone,  iron-stone, 
shale,  rubble  or  loose  stone,  and  clay  of 
the  peculiar  coal  formation  before  men- 
tioned. There  is  one  seam  of  coal  vary- 
ing in  thickness  from  four  to  eight  inches  or 
more.  These  strata  are  covered  in  some 
parts  with  alluvial  soil  in  which  the  remains 

Eahant  have  been  discovered.     Two 
: 


'  Phil.  Ma^.  vd,  xixvx.  p.  100. 
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grinders  were  found  near  Robiint  Hood's  Bay 
in  ISldf  I  measured  the  largest:  it  was 
nineteen  inches  round  the  base,  and  weighed 
thirteen  pounds :  it  is  in  the  possession  of 
Mr.  Sanders  of  Whitby,  and  exactly  resem- 
bles the  engraving  given  by  Cuvier  of  the  tooth 
of  the  fossil  elephant  with  a  flat  crown. 

The  height  of  the  alum  cliffs,  which  rise 
perpendicularly  from  the  sea,  varies  from  one 
hundred  to  one  hundred  and  forty  yards.  The 
characters  of  the  stone  are  described  in  the 
eighth  chapter. 

Whitby  Abbey  stands  near  the  bank  of 
an  awful  precipice  of  alum  shale  which  is 
undermined  by  every  returning  tide.  When 
it  was  founded  in  656  it  is  said  to  have 
been  more  than  one  mile  from  thp  sea ;  at 
present  it  is  about  two  hundred  yards 
from  the  edge  of  the  cliff.  This  fact  alone 
may  prove  the  great  lencroachmeiit  which 
the  sea  is  making  on  this  part  of  our 
island.  At  lovy  water  the  alum  rock  may  be 
seen  extending  far  to  the  east,  forming  a 
flat  pavement,  on  which  the  observer  may 
walk  secure,  treading  at  almost  every  step  on 
the  organic  remains  of  the  inhabitants  of  a 
former  world,  which  are  abundaqtly  dissemi^ 

nated 
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Bted  through  the  whole  mass  beneath,  ai 
projecting  from  the  sides  of  the  black  and - 
frowning  chfts  above.  Indeed  a  more  deso-  k 
late  scene  can  scarcely  be  imagined,  than 
that  at  Sands-End,  north  of  Whitby,  where 
the  view  of  the  cultivated  country  is  hid,  and 
nothing  is  visible  but  an  immense  floor  of 
alimi  shale,  surrounded  on  one  side  by  dark 
overhanging  precipices  of  the  same  rock,  and 
bounded  on  the  east  by  the  cheerless  Ger- 
man Ocean.  The  alum  shale  has  been  per- 
forated near  the  sea,  to  the  deptii  of  one  hun- 
dred and  thirty  yards,  without  discovering 
the  subjacent  rock;  to  wliich  we  may  add  the 
height  of  the  cliffs  above,  which  will  make  a 
total  thickness  exceeding  two  hundred  and 
twenty  yards.  The  upper  parts  of  the  bed 
are  often  more  productive  of  alum  than  tlie 
lower.  From  the  quantity  of  pyrites  con- 
tained in  this  rock  it  sometimes  takes  fire 
spontaneously,  when  a  heap  of  it  which 
has  fallen  from  the  cliffs  is  moistened  by  sea- 
water.  The  animal  remains  are  scattered 
ihrougli  every  part  of  the  rock.  Tbey 
consist  principally  of  numerous  ammonites 
nautili,  belemniteii,  fossil  vertebrae  (suppo.sed 
\ia  belong  to  the  &hark),  with  bivalve  shells. 
Fossil- 
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Fossjil-vood  and  jet  are  found  in  various  parts 
of  the  rock.  In  walking  over  the  natural  pave* 
ment  of  alum  rock  on  the  coast,  it  is  curioiis 
to  observe  that  these  animal  remains  are 
almost  always  surrounded  by  stone  harder  than 
the  rest  of  the  rock  and  projecting  above 
it.  In  many  parts  they  have  formed  around 
them  spheroidal  nodules,  which  may  be  d^ 
tached  like  boulders  from  the  rock.  The  am- 
monites are  generally  inclosed  in  these  stones. 
In  other  instances  a  number  of  shells  tbrm  a 
congeries  included  in  one  nodule.  Some  of 
the  balls  are.  compressed  spheroids,  very  per- 
fect in  shape,  consisting  of  iron-stone,  and 
are  burnt  like  those  in  the  London  clay  to 
'make  Parker's  cement.  I  consider  the  alum 
shale,  and  the  strata  which  cover  it,  as  a  pe- 
culiar local  formation  subjacent  to  the  roe- 
stone,  but  above  the  coal  formation  of  York- 
shire or  Durham.  It  has,  I  conceive,  been 
formed  in  an  extensive  basin  or  lake,  once 
extending  far  to  the  east,  but  the  boundary 
on  that  side  has  been  washed  away.  The 
organic  remains  are  not  those  common  to  the 
coal  strata,  but  to  the  calcareous  strata  and 
beds  of  clay  above  the  coal.  The  alum  slate  is 
in  fact  a  thick  bed  of  indurated  py ritoAs  slate 

clay, 
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(lifTering  little,  but  in  geological  posi- 
tioQ  and  its  organic  remains,  from  some  of 
the  coal  shalps.  At  the  time  wlien  this  great 
bed  was  deposited,  higher  ground  and  dry 
land  must  I  conceive  have  existed  in  the  vici- 
uity,  as  is  evident  from  the  quantity  of  fossil 
xvood  disseminated  through  it.  The  general 
position  of  the  strata  is  nearly  horizontal,  and 
the  whole  are  intersected  by  whin  dykes,  one 
of  which  has  l)een  described  in  the  twelfth 
chapter,  and  is  marked  on  the  map  plate  4. 

The  principal  co;il  fields  in  the  northern 
part  of  the  middle  district  are  in  the  counties 
of  Northumberland  and  Durham,  the  west 
riding  of  Yorkshire,  and  Derbyshire.  Coal 
strata  terminate  a  few  miles  north-east  of 
Derby,  but  appear  again  south  of  the  Trent 
round  Ashby  de  la  Zouch.  They  are  cut  off 
to  the  south-east  by  the  hills  of  Charnwood 
forest;  and  on  the  south-west  they  are  covered 
by  a  thick  bed  of  coarse  breccia  and  gravel, 
which  separates  them  from  the  coal  fields  at 
Polesworth  and  Bedworth  in  Warwickshire. 

On  the  western  side  of  the  line  C  C,  the 
red  sand-rock  described  in  the  sixth  chapter 
occupies  a  considerable  part  of  the  middle 
nctfirqm  Cumberland  to  Shropshire.  The 
principal 
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principal  salt  springs  and  the  rock-salt  of 
Cheshire  are  in  the  vicinity  or  upon  the  xed 
sand-rock  at  a  low  elevation,  near  a  range 
of  lofty  hills,  which  extends  from  the  high 
Peak  of  Derbyshire  to  Bronisgrove  Lickey  in 
Worcestershire,,  near  the  line  marked  E  E  E 
on  the  map. 

There  are  many  thick  beds  of  sand-stone, 
coloured  red,  which  are  part  of  the  regular 
coal  formation,  and  overlie  coal,  near  Oldham, 
Rochdale  and  Bury,  and  I  believe  ip  other 
parts  of  the  western  counties.  Beside  which, 
various  detached  coal  fields  surrounded  by 
red  saudrrock  occur  in  Lancashire;  but 
the  greatest  repositories  of  coal  on  this  side 
of  the  line  C  C  are  in  Staffordshire,  and  the 
part  of  South  Wales  bordering  on  the  Bristol 
channel.  The  latter  is  one  hundred  miles  m 
length,  extending  from  Pembrokeshire  into 
Caermarthen,  Cxlamorgan,  Brecon,  and  Mon- 
mouth :  and  its  breadth  in  the  broadest  part 
is  twenty  miles;  but  in  Pembrokeshire  is 
not  more  than  five  miles.  In  the  deepest 
part  are  sixteen  beds  of  coal  of  various  thick- 
ness, amounting  together  to  ninety-five  feet 
of  coal,  besides  numerous  strata  from  six  to. 
eighteen  inches  thick. 

In 
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"the  counties  of  Somerset  and  Devon 
the  middle  district  we  are  describing  is  very 
narrow,  the  calcareous  strata  of  the  low  di- 
strict approaching  near  the  granitic  and  schis- 
tose rocks.  In  the  latitude  of  Manchester, 
and  fifteen  miles  r^th  of  it,  secondary  strata 
extend  from  one  side  of  the  island  to  the 
otber.  The  principal  range  of  mountains 
which  traverses  the  west  riding  of  York- 
shire in  that  part,  is  no  where  sufHcientty 
elevated  to  raise  tlie  subjacent  ■  metalliferous 
lime-^itone. 

As  local  illustrations  are  more  interesting 
and  intelligible  than  general  descriptions,  we 
will  suppose  ourselves  crossing  the  island  after 
landing  at  Hull.  Here  we  should  observe  a 
flat  country  formed  of  alluvial  ground.  Peat, 
earth,  and  trees  are  frequently  discovered 
below  the  surface,  both  on  the  Yorkshire 
side  of  the  H  umber,  and  also  on  the  Rat 
grounds  on  the  coast  of  Lincolnshire*.  A 
lew  miles  west  of  Hull,  the  country  becomes 
more  elevated,  and  we  pass  over  a  range  of 
chalk  hills,  which  form  the  southern  ex- 
ity  of  the  York  Wokls.     Having  crossed 


;«^f(iTCBt  is  coloured  greet!  in  thcnisp. 
these 
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these  chalk  rocks  near  the  H  umber,  we  de- 
scend upon  South  Cave,  and  travel  over  al- 
luvial ground  covered  with*  clay  and  gravel, 
which  extends  for  more  than  twenty  miles, 
by  Howdon  and  Snaith,  to  near  Nottingly 
and  Ferrybridge,  where  itke  magnesian  lime 
rock  makes  its  appearance.  The  intervenii^ 
space  between  the  chalk  hills  and  the  mag« 
nesian  lime  is  so  completely  hid  by  the  allu* 
vial  soil,  that  the  nature  of  the  strata  can 
no  where  be  discovered ;  and  it  is  only  by 
analogy  we  can  infer  that  they  consist  prin* 
cipally  of  calcareous  sand-stone,  roe-stone, 
and  thick  beds  of  sand  and  clay ;  but  a  little 
south  of  this  line  round  Doncaster  some  beds 
occur  analogous  to  those  under  chalk  in  the 
southern  counties.  The  magnesian  lime-stooe 
forms  hills  of  a  low  elevation  distincdy 
stratified ;  the  strata  are  nearly  horizontal, 
and  parted  by  seams  of  clay.  The  breaddi 
of  this  range  is  here  not  more  than  three 
miles;  it  is  succeeded  by  yellow  siliceous 
sand-stone  on  which  the  town  of  Pontefract 
is  built:  we  may  consider  this  as  the 
boundary  of  the  low  calcareous  district.  Pro- 
ceeding in  a  direction  towards  Wakefield,  ve 
soon  come  upon  the  argillaceous  coal  strata 

of 
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of  the  middle  district,  which  extend  west- 
ward more  than  twenty  miles.  Wakefield 
and  Leeds  are  seated  near  the  eastern  side  of 
liie  coal  district,  mid  Hiiddersfield  and  Hali- 
fax near  the  western  side.  By  refen'ing  to 
plate  IL  6g.  1.  iintl  observing  the  geological 
position  of  Shefiield  over  the  coal  .strata,  wc 
may  obtain  a  clear  idea  of  that  of  Halifax 
and  Huddersfield,  which,  like  Sheffield,  are 
situated  near  the  western  termination  of  the 
Yorkshire  coal  district.  A  few  miles  west 
of  Sheflield,  Huddersfield  and  Halifax,  the 
same  elevated  range  of  hills  composed  of 
milUstone-grit  and  shale  rises  from  under 
die  coal  strata;  see  3  and  5,  plate  II.  fig.  1. 
lo  these  two  beds  of  rock,  which  together 
are  more  than  three  hundred  yards  thick, 
no  workable  coal  is  ever  found;  they  rest 
upon  metalliferous  lime-stone,  which  makes 
its  appearance  west  of  the  Derwent,  near  the 
latitude  of  Sheffield,  but  is  no  where  visible 
in  crossing  the  Yorkshire  range  in  the  lati- 
tude of  Halifax  and  Huddersfield.  Mill- 
fitone  grit  forms  the  summit  of  Blackstone 
Edg«>,  Pule  Moss,  East  and  West  Nab,  and 
all  the  highir  hills  in  that  part  of  Yorkshire. 
A.  perforation  of  three  miles  was  lately 
made 
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made  through  Pule  Moss  seven  hundred  and 
fifty  feet  below  the  summit  of  the  hill,  to  form 
a  tunnel  for  a  canal  from  Huddersfield  to 
Manchester.  The  tunnel  appears  to  have 
been  principally  carried  through  the  shale, 
ivhich  lies  immediately  upon  lime,  hence 
called  lime«stone  shale.  I  form  this  opinion 
from  an  examination  of  the  hill,  and  the  stone 
thrown  out  from  the  excavation.  The  strata 
are  elevated  and  inclined  in  an  opposite  di- 
rection on  the  east  and  west  sides  of  the  bill, 
and  are  intersected  by  a  large  dyke,  con* 
taining  a  vein  described  by  Mr.  Outram  the 
engineer*  to  be  limeys  tone.  At  a  conside^ 
able  distance  from  the  entrance  a  number 
of  balls  were  found  composed  of  argillaceous  * 
iron-stone :  they  are  oblate  spheroids  from 
three  to  twelve  inches  in  diameter,  having 
lines  drawn  upon  their  surface  parallel 
with  the  largest  diameter,  from  wbich 
many  of  them  have  a  projecting  point 
or  stalk;  which  proves  that  they  were  not 
formed  by  attrition.  The  two  lowest  beds  of 
good  workable   coal  in  the  we^t  riding  of 

*  Philosophical   Transactions,  for    1796.     See   Ap- 
pendix..   . 

Yorkshire 
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Yorkshire  rise  to  the  surface,  and  terminate  a 
little  east  of  the  town  of  Halifax.  Thick  beds  of 
sand-^tone,  corresponding  in  poi^ition  with  thu 
mill-atone  grit  and  shale-grit  of  Dcrbysliire, 
rise  to  the  ue&t,  and  extend  to  Btackstone 
Edge  and  near  Todmodon,  where  the  same 
beds  ure  bent  in  an  opposite  direction,  and 
then  generally  follow  the  curvature  of  the  hills. 
Near  Ovcndon,  a  little  west  of  the  town  of 
Halifax,  coal  was  bored  ibr  lo  the  depth  of 
iwo  hundred  and  twenty  y^i'i^'s,  but  without 
success.  Proceeding  towards  Manchester, 
we  descend  the  steep  western  declivities  of 
these  mountains  to  the  plains  of  Lancashire; 
aod  leaving  the  mdl-stone  grit  and  shale  grit, 
we  again  come  upon  coal  strata,  which  further 
west  are  cut  off',  or  partially  intercepted,  by 
the  red  siliceous  sand-stone  before  described, 
prowncially  called  the  red  rock.  The  coal 
measures  or  strata  of  Lancashire  do  not  agree 
with  those  of  Yorksliire.  The  principal  beds 
of  coal  are,  one  of  six  feet  in  thickness,  and  a 
lower  one  called  The  three  quarter  bed.  They 
extend  from  the  vicinity  of  Oldham  to  near 
Rochdale  and  Bury  in  Lancashire,  but  their 
pontinuity  is  broken  by  numerous  faults  and 
(Jb^p  valleys.  Near  Oldham  the  sand-stone 
strata 
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strata  accompanying  coal  have  a  dark  red  co* 
lour,  and  have  been  mistaken  by  some  per- 
sons for  the  red  rock,  which  appears  further 
west,  ^nd  cuts  off  the  regular  coal  strata :  bul 
detached  coal  fields  occur  in  hollows  lyiag 
on  6r  surrounded  by  this  rock*.  The  sur- 
face of  Lancashire  is  covered  in  many  parts 
by  beds  of  gravel ;  and  in  clay  pits  under 
the  surface  are  found  detached  blocks  of  gra- 
nite, basalt,  sienite  and  slate,  similar  to  the 
rocks  in  North  Wales  and  Westmoreland. 
From  near  Prescot  to  Liverpool  the  red  rock 
forms  the  immediate  substratum,  and  may 
be  seen  dipping  under  the  waves  of  tlie  Irish 
Sea.  Had  we  crossed  the  island  in  a  line 
twenty-five  miles  south  of  this,  near  the  la- 
titude of  ShefiSeld  and  Chester,  we  should 
travel  over  a  similar  series  of  rocks, — with 
this  difference,    that  beyond  the  vale  of  Der- 


*^  If  this  red  sand  rock^  which  has  beeh  firequently  re- 
presented as  the  old  red  sand-stone  of  Werner,  nib- 
jacent  to  mountmn  lime-stone,  be  really  that  rock,  the 
mountain  lime-stone  must  have  been  cut  off  in  this  £• 
rection  by  a  great  fault,  or  its  continuity  has  been  broken 
by  some  other  cause.  From  the  constant  occurrence  of 
this  rock  in  England  at  a  low  level,  I  am  inclined  to 
doubt  its  identity  with  the  old  red  sand-stone  of  Werner. 

went 
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t  twelve  miles  west  of  Sheflif  Id,  wc  should 
meet  with  the  metaUiferous  lime-stone  of 
Derbyshire,  which  riaes  to  the  surface  at 
Castleton.  See  plate  H.  6g.  1,  7-  After 
leaving  the  lime-stone  mountains  of  Derby- 
fihire,  »ntl  crossing  the  red  sand-stone  of 
Chestei',  should  we  continue  our  line  into 
Wales,  we  should  again  meet  with  the  aamc 
netalhferous  lime-stone  in  Flintshire,  form-' 
tng  the  boundary  of  the  alpine  district,  and 
resting  upon  slate.  Plad  we  crossed  the  island 
in  the  latitude  of  Lancaster,  we  should  ob- 
serve the  metalliferous  lime-stone  mountains 
of  Craren  in  Yorkshire  rising  from  under 
the  grit-stone  and  slmle,  and  resting  upon 
coarse  slate,  and  in  some  instances  upon 
red  9and»stunc  whicli  appears  to  alternnte 
with  slate.  In  tliis  latitude  the  grit-stone 
mountains  of  Wharfdale  and  Netherdate  ap- 
proach near  the  earthy  lime-stone  ontheeast- 
ern  side,  and  nearly  exclude  the  regular  coal 
district.  They  are  said  to  contain  the  oxyd  of 
manganese.  Sulphat  of  strontian  and  aul- 
phatof  barytes  also  occur  in  the  rocks  bor- 
dering the  rivers  Nid  and  Wharf.  In  some 
situations  in  this  part  of  Yorkshire  thin 
»of  coal  are  found  in  hollows  or  basins 
S  B  in 
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in  tbe  grit-stone  *•  These  are  of  limited 
extent^  and  the  seam  i^^seldom  more  than 
twent;y^ :  inches  thick*  At  Hudswell  moor 
the  lowest  <and  tbicbestwpart  of  the  coal  is 
one  vard.^  but  the  strefeam  diminishes  and 
vanishes  at  the  edgesi  The  extent  of  this 
coal  is  aboutone  mile  in  .each  direction. 

In  passing  across.  tlie> island  from  the  coas£ 
of  Kent  to  IDornwaliy  ^  iwe  should .  travel  os& 
chalk  and  caleareons :  sandnrtmie  *  for  more 
than  one  hundred  anfl  fifty  miles^tothe  west 
of  Dorsetshire,  aadn&om  ihoice  should  pass 
over  a  few  miles  only  of  the  lower  aeeondaiy 
strata,  before \ire  animedf.flt'the  transition  and 
primary^ jiocks  t>f)fDevon^kwrand  CorawalL 
Aiiotherrseotion<  across  the  narrowest  partot 
theiislaml^wiirbeiiakfiaptadtly  described. 
''  >TMe  mpst'^vdi^fade  minemhprodacts  of  tbe 
middlaJdi^rte  avteboai^ricon.-^stone,  and  rock« 
salt^i  fldesdnbediin^tfaeisixthiehapten. 

*  Near  Middleham  «uid  at  Scrafton.  Leyburn,  Thorp 
Feff  near  Burnsetl,  an J^  a*s  far  west*  as  Kettlewell,  *  on  4  hill 
called  Centre  Lights,  there  are  severaT  small  detached 
HM)tft'4m!M)^^&?l!fl6iti)y^^dlM  The  positioaof 

thecoalfieamdiBiihfiM basing  is  represented  plate  IL  fig. 2. 

For  the  information  respecting  these  small  repositories 
of  coal^  I   am' indebted  to  Colonel' Smithson  of  Heath 
'  Hall  t^ar  Wakefield.       - 
.i  .,    ,  It 
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thas  been  before  staled,  that  an  assem- 
blage of  lofty  mountains  passing  along  the 
western  side  of  the  island  constitutes  the 
alpine  district  of  England  and  Wales.  These 
mountains  are  broken  into  three  ranges  by 
tiie  intervention  of  the  Bristol  channel  and 
the  plains  of  Lancashire  and  Cheshire. 

The  northern  range  enters  Cumberland 
from  Scotland,  and  passing  through  that  county 
and  Westmoreland,  extends  its  branches  into 
Northumberland  and  Durham.  It  is  coH' 
tinued  along  the  western  side  of  Yorkshire, 
with  the  north-west  part  of  Derbyshire,  and 
from  thence  into  StaBbrdshire*. 

The  mountains  and  valleys  of  the  north- 
ern range  form  the  fascinating  scenery  round 
the  lakes  of  Cumberland  and  Westmoreland, 
the  gloomy  grandeur  of  Craven  in  York- 
shire, and  the  romantic  dales  of  Derbyshire. 
A  magnificent  view  of  the  loftiest  part  of 
the  northern  range  presents  itself  on  the  road 
from  Kirkby  Lonsdale  to  Kendal :  oron  croas- 


•  Some  traca  of  iho  rocks  which  compose  the  metaHtfetDus 
mounUtiis  in  Derbyshire  n)ayi)e  disovered  on  the  south 
tide  of  the  county,  particularly  at  Tidcnal,  where  l)ie 
metalliferous  Ume'.<>toiie  makes  its  appearane,  and  where 
aurittnf  tead  ore  ii  worked,  belonging  to  Lord  Ferrer*. 

2  B  2  iag 
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IBS  tlie  sancls  from  Lancaster  to  Ulventonf* 
a  more  exjtencled  and  distant  Wew,  conipri- 
Aug  the  principsil  mountains  of  Cumberland 
and  Westmoreland,  is  seen  from  the  heigkfci 
of  Stanmore,  on  the  road  from  Ap|debj  to 
Richmond  in  Yorkshire.  Helvellja,  Saddle- 
back, «Skiddaw,  and  the  mountains  near  Win- 
andermcre  and  Coniston.  are  distinctly  con- 
spicaous.  Whoever  has  cbarmied  away  a 
portion  of  his  existence  among  these  mooiw 
tains,  whose  forms  he  can  here  recognise  at 
the  distance  of  tbrtv  miles,  will 

^'  cast  a  longing,  lingering  look  behind,'* 

as  lie  turns  from  them  for  the  last  time  in 
passing  southward. 

Tlic  highest  mountams  of  Cttmberland, 
Westmoreland,  and  Craven  in  Yorkshire  rise 
about  three  thousand  feet  above  the  levelof 
the  sea.  Snow  remains  on  their  summjJtB  and 
nortliem  declivities  to  the  middle  of  Jbae; 
and  in  some  instances  has  continufid  tbe 
whole  yean  Snaw  was  gathered  on  Helwl- 
lyn  in  August  1813.  The  following  admea- 
surements oi  some  of  these  mountains  taken 
by » iho  haromcter  were  given  .me-hy  Mr. 
John  Daltou  of  Manchester,  well  Jknown.by 

his 
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bis  chemical  discoveries,  and  his  New  System 
of  Chemical  Philosophy.  I  shall  add  the 
trigonometrical  measurement  by  Colonel 
Madge.  The  difficulty  of  bringing  both 
these  modes  of  admeasurement  to  coincide  is 
well  known. 

Dalton.  Mudge. 

feet*  ktU 

Sca&U^  Cumberland    ^    3240  3166 

HelveUp  ditto             —    3223  3055 

Skiddaw  ditto               —    3173  3022 

Graamire  ditto             —    2865  2756 

Siddldback  ditto           ~    ^  *-.  278?^ 

Coniatoa-Oldman  ditto  —    2571  -— -  2377 

Cross  Fell  ditto            —    2901  — . 

Bowfell,  Yorkshire       —    3084  2911 

Wbemside^  Craven^  ditto     2475 2384 

Ingleborough  ditto      —    —  — ^  9361 

Pennygent  ditto          -^     -—  — ^rr:  2270 

Pendle  HiU,  Lancashire  —  ^ .'.    —  1803 

Holme  Moss,  between  Cheshire  and  Yorkshire  1859 

Axe  Edge,  Deifcyshirc    —  —       — '  1751 

Lord's  Stet  ditto  —     -*  ~        —   1715 

Scafell,  the  highest  mountaih  in  England, 
is  lower  than  Snowdon  in  North- Wales*  A 
spedmen  from  the  summit  given  me  by  Mr, 
Dalton,  is  a  flinty  slate  of  a  greenish  gray 
colour,  the  external  part  is  marked  with  the 
lichen  geographicus.  Kinder  Scout,  the  high- 
est mountain  in  Derbyt^hire,  is  not  given  in 

the 
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the  Survey  by  Colonel  Mudge;  but  I  am  in* 
formed  by  Mr.  Brown,  engineer,  of  Derely 
in  Cheshire,  that  in  taking  a  level  for  a  pro- 
jected canal  with  a  very  accurate  instrument 
by  Ramsden,  he  found  the  elevation  of  a 
ridge  below  the  summit  of  this  mountain  to 
be  seventeen  hundred  and  thirty-six  feet 
above  the  high-water  mark  on  the  Che* 
shire  coast.  From  this  point  the  summit 
of  the  mountain  (by  the  estimation  of 
Mr.  Brown)  rose  about  four  hundred  fiset. 
According  to  this  statement,  the  elevation  of 
the  highest  part  of  Derbyshire  is  two  thou- 
sand one  hundred  feet  above  ii^e  se{i. 

The  eastern  side  of  the  northern  *  range  of 
mountains  from  Cumberland  to  Derbyshire  is 
composed  of  subcrystalline  metalKferous  lime- 
stone, covered  in  many  parts  by  the  coarse 
mill-stone  grit  and  shale  grit  previouslj  de- 
scribed. In  the  south-west  part  ^of^  York- 
shire, this  lime^stone  is  entirely  hid  by  the 
incumbent  grit  for  more  than  twenty  aflales; 
but  in  the  north-west  it  rises  to  the  suxfiioe, 
^d  forms  most  of  the  mountains  of  Craves : 
it  is  seen  resting  on  slate  in  Swaledale,  awl  at 
the  base  of  Ingleborough,  and  in  other  parts 
^joining  Westmoreland,  ThQ  slffte  \n  Swale* 

dale 
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rale  is  gray  and  purple;  a  coarse  gray  wacka 
siate  is  also  found  tliere.     Some  of  tlie  lime*  j 
stone  from  tills  part  of  Yorkshire  is  polished  j 
for  chimney  pieces:    it  is  similar  to  that6(| 
Dcrhyshire. 

The  highest  mountains  of  Cumberland  and 
Westmoreland  have  witliout  sufiicient  reasort  ) 
been  said  exclusively  to  belong  to  the  class 
called  transition  rocks.     Any  marked  distino*  i 
tion  between   transition    and  primary  rocks  ; 
does  not  periiaps  exist  in  nature  ;  btit  if  \vti  \ 
class  granite,  gneiss  and   mica  slate  as  pri- 
mary, and  for  the  convenience  of  description  , 
call  those  districts  in  which  ihey  predomi- 
nate primary    countries,     and    those  wbich', 
abound  most  In  slate,  flinty  slatCf  gray  wacks,: 
porphyry    and    sienite,   transition  countries,)  I 
we   may  call  the  district  including  the  higher 
parts  of   Cumberland,    Westmoreland,    and' 
the   north-west  of  Lancashire,   a   transition; 
country^     But  highly  crystalline  granite  cx*i 
ists  in  parts  of  this  district,  particularly  near-  I 
Shap  in  Westmoreland.     Some  of  themouu-. 
laias  in  the  neighbourhood  of  UUswater  ar^r  1 
capped  with  basalt. 

A  section  across  this  part  of  our  island  it'  I 

C'  fly  intereeling  in  a  geological  view* 
UbaU 
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I  shall  therefore  accompany  it  with  a  sketd 
representing  the  general   arrangement  of  the 
rock   formations  from  the  Sunderland  lime- 
slone  on    the   German   Ocean    to    the   cool 
formation    of    Cumberland     on    the    Irish 
Channel,    plate    VII.    fig,    1.      The   mag- 
pesian  lime-stone  of  the  low  district  A   is 
8een  rising  above  the  level  of  the  sea  marked 
L  L.    Proceeding  west,  we  come  upon  the 
coal  strata  B   B  before  we   reach  Durham, 
■which  continue   across   the   county  to   near 
Wulsingham,  rising  in  succession  to  the  west 
I  91-  south-west,    but   much    i^ter^ected   and 
broken  by  faults.    Here,  various  beds  of  cry- 
stalline sand-stone,  coarse  saod-stone  or  grit, 
and  indurated  shale,  continue  to  rise  in  the 
same  direction,  containing  a  few  seambof  coal. 
Metalliferous  lime-stone  soon   makes  its  ap- 
1  pearance  further  west,   C  C,  but   no  where 
I  {brms  those  immense  clitli^  (more  than  eighty 
a   hundred  yardain  thicknesii)  which  we 
L  meet  with  in  Cmven  in  Yorkshire  and  in  Derby- 
'  shire.  The  limerstone  here  is  divided  into  eigh- 
teen beds  by  interposing  strata  of  sand-stone 
[  and  shale.  The  total  thickness  of  the  difierent 
[lime-stones  is  about  one  hundred  and  fifty 
t  yards ;  of  which  the  second  is  about  twonq 
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i  ynrds,  an  J  is  called  the  great  lime-stone. 
Nearly  thelowcat  t)ed  of  lime-stone  is  forty-two  ' 
yards   in  thickness,  and  is  ciilled  the  MeU  j 
merly  Scar   lime-stone  from  forming  clifis  at 
that  place,  from  whence  it  extends  into  Westi  i 
morelaiid.     The  wh61e  of  the  strata  are  inter-  ] 
sected  by  veins  which  are  very  productive  of  J 
lead  and  zinc,  in  the  lime-stone  particularly  itt 
what  iscalledthegreatlime-stone,  butproduo*  , 
much  less  ore  a3  'hey  pass  through  the  sand* 
stonestrata,  and    irely  produce  any  in  the  bed*  | 
of  argillaceous  shale.   The  highest  point  of  J 
the  metalliferous  lime-stone  district  is  Crosk  j 
Fell.    It  is  composed  of  various  beds  of  alter*  j 
natins;   Imie-stone,    and    covered     near    the  . 
summit     by   the    lower   series  of  the    coal 
strata :    it   is  intersected     by    a  great   vein  j 
of   lead    ore    running    east  and    west     an4  ] 
rising  to  the  surface  :    on  one  side  is   a   mass 
of    basalt,     with    an    extraordinary   circulalf 
cavity,     surrounded    by    basaltic    columns. 
Cross  Fell  is  the  only  mountain  in  England  ^ 
from  whence  both    the  eastern  and  westera  , 
shores  of  our  island  are  said  to  bi'  seen :  snow 
remains  longer  upon   it  than  on  'tiiy  other  in  i 
the  northern  counties:  it  has  even  been  known  ] 
^J0  conUnue  the  whole  year.     This  niay  ba  • 
Hb  attributed 
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attributed  to  its  distance  from  the  vicinity  of 
either  sea*.  The  strata  continue  to  rise  in 
the  same  direction  westward  till  we  pass  Cross 
Fell,  but  are  broken  by  kults,  particularly 
i^  a  fault  called  the  Burtreeford  Dyke,  which 
runs  north  and  south  through  the  west  side 
of  Durham  crossing  the  Wear  at  Burtreeford. 
It  has  .thrown  down  the  strata  to. the  west  one 
hundred  and  si&ty  yards.  The  strata  as  they 
approach  it  rise  at  aa  angle  of  about  twenty- 
five  degrees,  see  X.  Descending  the  western 
declivities  of  Cross  Fell  and  the  other  rnoun^ 
tains  of  this  district,  we  come  to  the  red 
«and-rock  extending  from  theoce  beyond  Pen« 


*  The  remarkable  phaenomenon  provincially  called  the 
helm  wind,  frequent  on  Cro$s  Fell,  is  well  deserving  more 

attention  than  it  has  receiFed.     It  is  described  b]^persofn 

• 

who  have  passed  over  the  mountain  at  the  tine,  a^  aa  ipi'- 
petuous  wind  rushing  violently  in  every  direction.,  from 
under  a  cloud  which  hovers  on  the  summit.  The  eflSect 
is  felt  many  miles  distant  from  tbe'inotdiiajHi  amPifl  tbe 
tracts  of  eoimtry  over  whidi  tbese  citrreiilll^tt^  fie- 

quent,  the  progress  of  vegetation  is  much  retarded* 
•  On  entering  die  doud  the  air  is  said  to  be  perfectljf 
calm,  though  immediately  below  it  the  foiree  of  die  wind 
was  so  strong  as  to  make  it  difficult  to  stialllr.  '  Tlile  ndiat 
which  proceeds  from  the  part  whence  the  w&id  rtfshes^  ris- 
4embles  the  roaring  of  a  cataract* 

nth 
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rith,  marked  D.  The  thickness  of  all  the  dif- 
ferent beds  from  the  magnesian  lime-stone 
to  the  red  sand-stone,  as  given  by  Mr.  West- 
garth  Forster  ^^  is  about  thirteen  hundred 
yards.  On  the  western  side  of  the  red 
rand-rock,  and  at  the  feet  of  tb«  high 
mountains  near  the  lakes,  we  meet*  with 
bills  and  beds  formed  of  loose  fragments  of 
pebbles  washed  down  from  these  mouiitains. 
Such  conglomerated  beds  are  generally 
found  on  the  borders  of  alpine  districts.  Dif- 
ferent coloured  lime-stones  which  receive  a 
high  polish,  occur  near  Kendal  and  other 
parts  surrounding  these  mountains.  The 
mcks  of  the  more  alpine  part  E  E  of  this 
district  are  composed  of  roof-slate,  flinty- 
silate,  horn-stone,  porphyry,  gray  wacke, 
green-stone,  sieuite,  and  granite :  they  pre- 
lent  no  regular  features  of  stratification 
X  order  of  succession.  The  beds  of  the 
ichistose  mountains  are  very  ejevated,  but, 
Ake    Skiddaw,  are  frequently  covered*  with 

^«    t 

*— i— ii^'*— ■  ■    ■         III     II   I  ■  ■      I    » ■  I    ■      I     ■-- 

*  In  a  Tcry  valuable  little  tract  called  ^^  A  Treatise  on  a 
iaetioa  of  the  Strata,  &e."  of  which  I  have  given  an  account 
a  the  PhUt  Mag.  March  1815. 

vegetation. 
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vegetation.  The  parphyritic  and  granitic  rocks 
are  more  craggy,  bare,  and  precipitous.  The 
depth  of  the  lakes  by  no  means  corresponds 
M'ith  the  height  of  the  mountains,  being  not 
more  than  a  hundred  and  forty  yards.  The 
rocks  near  the  vale  of  Newknds  and  Butter- 
mere  liave  a  red  and  at  a  distance  &  burnt 
appearance,  particularly  Red  Pike,  a  siball- 
grained  granitic  rock  composed  princi- 
pally of  felspar  spotted  with  chlorite,  ap- 
proaching almost  to  a  sand-stone.  Beyond 
these  mountains  to  the  west  we  meet  with 
a  thick  bed  of  siliceous  sand-stone,  and 
then  the  Cumberland  coal  formation  ex- 
tending to  the  sea  ibarked  F.  The  lime- 
stone district  furnishes  a  large  quantity  of 
lead  some  of  which  is  rich  in  silver. 

Tlie  mountains  in  the  vicinity  of  the  lakes 
contain  some  copper  and  lead.  The  best 
plumbago  in  Europe  is  got  from  a  mountain 
in  Borrowdale.  In  that  part  of  LancasluJ^ 
which  adjoins  Westmoreland  between  Ulverp 
stone  and  Furness  Abbey  a  large  quantity  of 
red  hematite  is  procured:  it  is  imbedded  in 
an  unctuous  clay,  which  leaves  a  metallic  stun 
on   the  lingers.     This  ore  yields  tlie  most 

ductile 
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ductile  iron  produce^  in.t))e  United  kingdom : 
it  is  particularly  valuable  fof  the  manufacture 
of  card  wire. 

The  remarkable  agitation  of  the  \vateri^ 
nrhich  occasionally  takes  place  in  the  lakes 
of  Keswick  and  Basseuthwaite,  particularly  of 
the  former^  is  well  deserving  the  attention  of 
philosophers.  I  have  never  had  an  oppor- 
tunity of  observing  it  in  either :  but  those 
persons  who  reside  on  tlie  banks  describe  it 
as  a  motion  commencing  from  beneath,  vio- 
lently heaving  up  the  waves,  and  rocking  with 
considerable  force  the  boats  that  may  be 
crossing  the  lake.  At  other  times  the  sur-- 
fhce  appears  as  if  disturbed  by  heavy  drops 
•f  nun.  The  air  remains  cahn  and  dry. 
Both  these  appearances  are  precisely  what  arc 
described  as  taking  place  in  water  before  the 
violent  shocks  of  an  earthquake,  or  the  erup- 
tion of  volcanoes^  and  we  are  led  to  refer 
these  motions  to  a  cause  connected  with  the 
flame  ^  phsenqmena.  Indeed,  a  view  of  the 
tte^ly  circular  lake  of  Keswick,  with  the  steep 
surrounding  cliffs,  when  seen  from  the  summit 
ofSkiddaw,  recalls  to  mind  the  circular  lakes 
formed  in  extinct  craters,  so  well  depicted 
and  described  bv  Sir  Wm.  Hamilton  in  his 

Cainpi 
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Campi  Phlegmi*.  The  breadth  of  England  in 
the  line  of  section  here  given  is  little  more  than 
one  hundred  miles.  Though  the  geological 
position  of  the  mountain  lime-stone  appears 
the  same  with  respect  to  the  coal  strata  and 
the  raagnesian  lime-stone  as  that  of  Craven 
and  Derbyshire,  yet  the  great  difference  in 
the  division  and  alternation  of  the  beds 
would  seem  to  indicate  that,  though  they  may 
all  be  considered  as  similar  but  independent 
fbrmatigns,  they  were  probably  formed  in 
detached  lakes,  or  basins,  under  circum- 
stances which  occasioned  a  considerable  di- 
versity in  the  order  of  succession. 

Tlie  rocks  of  Derbyshire,  which  form 
the  southern  part  of  the  northern  range 
of  alpine  country,  have  been  already 
described  as   consisting  of  lime-stone    and 


*  A  pbaenomenon  in  some  respects  analogous,  was  it" 
sdribed  to  me  by  Mr.  Leclde,  whose  accowit  of  the  state 
of  Sicily  merits  the  profound  attention  of  the  politicsr 
philosopher.  At  the  foot  of  a  range  of  hiUs,  the  great 
Hyblean  chain,  there  is  a  small  lake  of  rain  water  nearly 
circular.  The  water  is  cold,  but  it  constantly  boils  up  in  the 
middle,  and  smelk  strongly  of  bitumen,  and  lafge  lumps 
of  it  are  often  gathered  on  its  banks.  The  lake  n  thir^" 
two  miles  S.  S,  W.  from  iEtna. 

basaltic 
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iiasaltic  amygdaloid.  The  lowest  bed  of 
this  lime-stone  has  not  b^n  iiunk  tkroogl^ 
nor  is  it  sufficiently  elevated  in  a»y  part  of 
the  county  to  discover  the  subjacent  rock ; 

but  from  the  similarity  of  this  rock  wilh  the 

•■ 

lime*stone  mountains  of  North  Wales,  York«> 
shire,  and  Lancashire,  we  may  infer  that 
like  them  it  rests  upon  slate  ^.  The  whole 
thickness  of  the  three  beds  of  lime-stone  and 
basaltic  amygdaloid  or  toad-stone  is  more 
than  two  hundred  and  fifty  yards ;  but  in 
some  situations  the  basaltic  amygdaloid  is  of 
vast  and  uncertain  depths  varying  much  in 
this  respect  in  different  parts  where  it  has 
been  sunk  through.  The  fourth  or  lowest 
lime-stone  is  much  thicker  than  any  of  the 
upper  beds,  which  is  evident  from  excava- 
tions made  in  it  by  rivers  and  mines*  I  have 
before  given  Mr.  Townsend's  estimate  of  the 
thickness  of  the  strata  from  chalk  to  coal  in 
the  southern  counties ;  and  if  we  could  sup- 
pose the  same  to  extend    regularly  to  the 

mmtmam  i    ■  ■      .       >        .  .  .         .^  ,  ■  ■       ■     .  »  ■ 

r  •  The  slate  and  lime-stone  appear  sometimes  to  alter- 
nate with  red  sand -stone  in  Yorkshire.  I  have  never, 
.teen  the  junction  of  this  sand-stone  with  the  lime-stone 
of  Craven ;  but  I  am  infonned  by  the  Hon.  Mr.  Bennet 
that  it  may  be  seen  at  Cbasterion  near  Kirkby  Lonsdale. 

northern 
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northern  WMiiiitt,  #«  night  Ibrm  an  estunite 
of  themiiokithickaMsof  the  secondary  strata 
of  EngliAd,  as  an  admeasurement  has  lately 
been  taken  of  the  coal  strata  and  subjacent 
rocks  in  Derbyshire,  of  which  I  have  received 
the  following  account  from  a  friend  :-^^^  Our 
present  manager  at  the  Alfreton  coal  works 
lias  a  horizontal  section  in  preparation,  which 
will  shoiir  the  succession  of  all  the  strata  from 
the  magnesian  lime<-stone  on  the  east  to  the 
fourth  lime-stone  of  Derbyshire,  determined 
from  actual  observation.     I  have  a  perpendi- 
cular section  of  bis  now  before  me,  compii 
sing  the  same  rarige  of  rocks.     From   this  it 
appears  that  the  total  depth  taken  on  the 
level  line  of  the  measure,  of  all  the  known 
Derbyshire  strata,  including  the  small  por- 
tion  of  Nottinghamshire,  which  contains  the 
yellow  or  magnesian  lime,  is  thirteen  hun- 
dred and   ten  yards.     In  the  whole  of  thb 
range,  I  fmd  there  are  thirty  difierent  beds 
of  coal  varying  in  thickness  from  six  inches 
to  eleven  feet,  and  that  the  total  thickness 
of  coal  is  twenty-six  yards.     Of  course  the 
above  estimate  can  only  be  considered  as  aft 
approximation  to  truth,  since  the  thickness  of 
the  5)lraia  was  taken  upon  a  level  line,  and 

not 
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t  perpendicular  to  the  line  of  their  incUna- 
tion.  If  we  knew  the  angle  of  the  dip  in  oil 
cases,  accuracy  might  be  obtained,  and  of 
this  we  shall  in  all  probability  be  put  in  pos- 
session by  the  horizontal  section  bolbre  men- 
tioned." 

I  have  already  described  the  thickness  of 
the  stmta  of  tlie  low  district  (from  Mr.  Towns- 
end's  estimate)  to  be  about  seven  Imndrcd 
yards,  which  is  the  depth  that  must  be  sunk 
through  from  the  upper  strata  of  the  chalk 
districts  to  reach  the  coal  strata ;  or,  ao 
cording  lo  the  thickness  of  similar  strata 
in  the  Ule  of  Wight  (p.  349),  the  depth  would 
be  one  thousand  yards.  The  series  of  the 
coal  strata  and  metalliferous  lime-stone  in 
Derbyshire  here  given  is  thirteen  hundred 
yards,  through  whicli  we  must  pass  to  the  low- 
esthme-stone,  that  is  probably  incumbent  on 
slate.  This  hme-stone  is  not  yet  sunk  through; 
but  if  we  estimate  its  thickness,  including 
strata  that  may  intervene  before  we  reach 
tlie  slate,  to  be  four  hundred  yards,  th'u 
added  to  the  above,  will  make  the  depth 
«f  the  slate  rocks  below  the  stratum  of  clay 
ilc  of  Tliames  one  mile  and  a  quarter, 
-  L  supposing. 
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.supposing  the  secondary  rocks  to  extend  re- 
gularly belaw  the  surface  from  the  centre  of 
the  island  to  the  eastern  coast,  vbich  I  have 
before  said  I  believe  is  not  the  case,  for  the 
beds  of  basaltic  amygdaloid  do  not  extend 
beyond  the  t^eak  of  Derbyshire;  and  the 
mountain  lime-^stone  of  that  district  appears 
to  terminate  near  the  south  side  of  that 
county  as  it  approaches  the  hills  of  Cham* 
wood  Forest  in  Leicestershire^ 
.  These  hills  form  an  important  feature  in  the 
geolo^  of  E^gland^  being  composed  of  rocb 
coneddered  by  many  geologists  as  primary  sur* 
rounded  by  secondary  strata.  They  extend 
about  ten  miles  in  a  line  from  S.£«  to  N.W^ 
rising  from  dx  hundred  to  near  eight  hundred 
feet  above  the  circumjacent  country.  The 
tbrest  is  now  under  cultivation,  and  in  the 
course  of  a  few  years  die  surface  will  be  con- 
cealed*  by  plantations  and  indosures,  which 
have  already  covered  the  distant  dectivities  of 
these  hills,  and  hid  from  ourresearch  the  extent 
of  the  rocks  in  different  situations  westward, 
where  they  evidently  rise  near  the  sur£ioe» 
I  snspeet  diey  are  connected  widi  the  basaltic 
rocks  near   Nuneaton   in  Warwickshire,  and 

extend 
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extend  still  further  under  the  surface  till 
they  unite  \rith  the  rocks  in  Shropshire 
and  Wales. 

The  strata  surrounding  the  forest  are  nearly 
borizontaly  consisting  of  sand-stone: with  mi- 
nQte  fragments  of  slate  and  chlorite.  This 
nnd-stond,  with  strata  of  marie,  is  seeov  oo- 
rering  the  rocks  at  the  Swithland  slate  quar^ 
lies,  and  near  the  village  of  Whitwick. 
Similar  beds  of  sand-stone  extend  on  the 
north-east  side  of  these  hills  into  Netting^ 
hamshire.  Thick  bed?  of  breccia  and 
-gravel,  composed  of  fragments  of  these 
YO(!ks9  are  found  in  the  country  .in  the 
nortb^west  side  of  these  hills.  The  strata 
of  the  Ashby  de  la  Zouch  coal  field  ap- 
proach on  tliis  side  within  about  half  a 
^mile  of  the  porphyritic  rocks  at  Whitwick, 
rising  at  a  very  elevated  angle.  Between  the 
last  elevated  bed  of  coal  and  the  Forest  rock, 
the  intervening  space  is  filled  by  horizontal 
Htrata  of  sand-stone  evidently  of  posterior 
formation  to  the  coal  strata.  A  mile  to  the 
north-west  of  this  place,  a  thick  bed  of  stra- 
tified lime-stone  rests  on  the  flanks  of  these 
hills,  which  may  be  seen  rising  from  under 

2  c  2  it 
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il  by  ascending  a  rivulet  called  Grace  Dieu 
Brook«  This  lime-stone  I  consider  as  the  ex- 
tremity of  the  Derbyshire  shale  lime-stone*, 
which  may  be  traced  from  near  Ashbum  to 
Wold  Parky  eight  miles  north  of  Derby ;  and 
on  the  south  to  Breedon,  Cloudshill,  and 
finally  to  its  termination  at  this  place.  Some 
beds  of  this  lime-stone  are  singularly  con- 
torted ;  a  representation  of  that  at  Wold 
Park  is  given.  Plate  IIL  fig.  e,  e,  e,  shows 
the  bending  of  the  lime-stone,  f*  J*  is  a  bent 
stratum  of  chert  resembling  flint. 

Tbe  lime-stone  on  the  other  side  of  the 
forest  at  Barrow  on  Soar  is  of  that  kind 
which  has  been  called  the  lias  limestone ;  it 
contains  fossil  remains  of  flat  fish,  with  the 
form  perfect,  and  the  scales  preserving  their 
pearly  lustre.     These  fish  are  found  in  flat- 


*  This  lixne-stone  is  occasionally  imbedded  in  the  thidi 
shale  which  covers  the  lower  beds  of  metalliferous  lime- 
v^tpne.  Nodules  of  lead  ore  were  discovered  in  the  soil  on 
excavating  the  canal  from  Swannington  to  near  Lough- 
borough on  the  north-east  side  of  the  Chamwood  Foiest 
liills.  I  conceive  these  were  the  remains  of  metallic  veins 
existing  in  lime-stone  that  once  covered  the  declivities  of 
the  hills. 

tened 
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balls  of  lime-stone,  imbedded  in  the 
marie  wbich  divides  the  strata. 

The  hills  of  Charnwood  Forest  may  be 
said  to  represent  in  miniature  the  mountains 
of  North  Wales,  and  those  in  the  vicinity  ot' 
the  Lakes.  They  are  principally  composed 
of  flinty  slate,  roof-slate,  horn-stone,  por- 
phyry, porphyritic  green-stone,  and  sienite. 
No  organic  remains  have  been  observed  in 
any  of  the  Forest  rocks,  nor  in  the  slate- 
quarries  which  have  been  extensively  worked 
for  many  years.  Veins  of  white  quartz  con- 
taining chlorite  intersect  these  hills,  parti- 
cularly in  that  part  between  Bardon  Hill  and 
the  town  of  Whitwick.  No  appearance  of 
any  metallic  substance  occurs  in  these  veins*, 
nor  is  pyrites  found  in  any  of  the  rocks 
which  I  examined  :  a  rock  containing  a  great 
quantity  of  yellow  mica,  at  a.  place  calle*! 
Basil  Wood,  has  been  erroneously  stated  to 
contain  pyrites.  The  roof-slate  is  princi- 
pally  confmcd  to  the  eastern  side ;  and 
on  Ais  side  the  beds  are  more  regular,  and 
rise  at  a  very  elevated  angle  to  the  sooth- 
west,  and  would  by  many  geologists  be  de- 
scribed as  most  distinctly  'itratified.     Such 


t 


*  E^xcept  a  few  spaitglcs  of  micaceous  iron  ere. 


they 
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they  appeared  to  me  on  the  first  examina- 
tion; but  Tarn  persuaded  that  \^  hat  resembles 
stratification  is  the  result  of  a  process  analo- 
gous to  crystallization  oh  the  mountain  mass, 
by  which  it  has  separated  into  thick  tables  or 
plates,  that  are  of  limited  extent,  and  termi- 
nate in  the  shape  of  a  wedge.  The  slaty 
cleavage  of  the  stone  is  nearly  at  right  angles 
with  the  direction  of  the  beds.  All  the  rocks 
of  this  district,  except  the  porphyritic  rocks 
on  the  west  side,  have  a  tendency  to  assume 
pyramidal  forms,  and  the  stone  divides  into 
trapezoids  with  smooth  faces,  by  which  they 
may  be  distinguished  at  a  distance  from  any 
other  stones  in  that  part  of  England. 

The  changes  by  which  the  different  kinds 
of  rock  pass  into  each  other  are  similar  to 
those  described  by  D'Aubuisson  in  the  de- 
partment of  La  Doire*.  In  the  same  rock 
the  upper  bed  will  sometimes  be  porph3nritic 


*  Le  passage  d'une  de  ccs  variety  de  roche  h  rautre, 
proTCnant  de  la  difference  dans  les  proportions  des  prin- 
cijies,  est  aiissi  brusque  qu'il  eist  frequent.  Dan^  le  di- 
stance de  quelques  pas  on  voit  tantdt  un  schiste  pres^e 
cnti^rement  form6  de  fcldspath,  tant6t  tr&s  abondant  en 
quartz,  tant6t  formd  de  talc  presque  pur.—^Jbunia/  des 
Mines,  Mai  1811. 

the 
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I  the  next  cQmp;ict ;  mid  sometimes  from 
ilie  saiiii'  bed  sm^tll  specimens  miglit  be 
broken,  which  will  present  the  two  charac- 
ters on  the  opposite  sides.  The  large-grained 
sieniie  of  one  rock  becomes  smailer-gralned 
in  unoiher,  und  in  the  adjoining  rock  it  will 
be  porphyriiic,  and  pum  by  gradation  into 
Ainty  slate  v/ith  small  crystals  of  felspur. 

I  uQi  inclined  to  believe  tliat  these  rocks 
are  co tempo raneous,  and  were  formed  frortt 
one  homogeneous  mass ;  but  circumstances 
attending  their  formation  have  disposed  the 
part^  to  assume  various  arrangements  in  dif- 
ferent situations.  Perhaps  the  uhole  may  be 
considered  as  nearly  allied  to  batsallic  rocks.  * 
Veins  of  dark  green-stone  intersect  the  sie- 
iiite  at  Mount  Soar  Hill.  The  sides  of  tli^ 
.vein  are  mtermixt,  and  closely  united  with 
^■krock. 

^^Hthave  not  seen  the  basaltic  rock  or  green- 
^^one  near  Nuneaton  itt  situ ;  but  the  stones 
brought  from  thence  for  the  roads  have  the 
same  trapezoidal  ibrms  as  tliose  on  Charn- 
wood  Forest,  and  have  also  a  strong  internal 
resemblance  to  some  of  them,  and  belong,  I 
conceive,  to  the  same  formation.  In  some  of 
'tlie  eieaile  on  the  eastern  side  of  the  forest 

tite 
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the  hornblende  disappears,  and  it  becomes 
u^hat  might  be  called  true  granite. 

The  granitic  rocks  of  Mount  Sorrel  are  se- 
parated from  the  slate  rocks  by  a  plain,  called 
Rokeby  plain,  which  prevents  their  junction 
from  being  traced  on  this  side ;  they  have  a 
lower  elevation  than  the  slate,  which  is  in* 
clined  as  if  it  rose  from  under  them.  Bardon 
Hill  is  composed  of  sienitic  porphyry,  Beacon 
Hill  is  composed  of  flinty  slate ;  but  some  of 
this  slate  contains  crystals  of  felspar,  and  ispor* 
phy  ritic.  These  are  the  two  highest  hills  in  die 
forest.  The  gradations  from  sienite  to  por- 
phyry and  flinty  slate,  are  frequent  on  the 
western  side  of  the  forest.  The  only  mineral 
substances  obtained  from  these  hills  is  slate, 
paving-stones,  and  a  species  of  whet-stone  or 
hone ;  this  is  not  found  in  a  regular  bed,  but 
in  fragments  under  the  soil.  The  beautiful 
green  and  red  sienite  at  Markfield  Knowl 
might  be  employed  for  durable  ornamental 
architecture ;  large  pyramidal  blocks  are 
scattered  over  the  hill,  and  were  a  quarry 
opened  near  the  summit,  the  stone  might 
probably  be  raised  in  large  masses  at  a  small 
expense. 

The  porpbyritic  rocks  near  Whitwick,  par- 
ticularly 
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hlarly  one  called  Sliarpless,  are  composed 
of  a  dark  purplish  gray  compact  horn-stone; 
it  contains  numeroas  crystals  of  quartz,  and 
some  of  felspar.  The  rocks  on  this  side  of 
the  forest  am  singularly  shattered*,  and 
present  deep  perpendicular  fissures,  in  some 
instances  covered  by  transverse  stones  of 
immeose  s'.ze.  No  trace  of  external  crystal- 
lization appears;  but  we  observe  piles  of 
shapeless  ruins,  showing  the  devastation  of 
the  elements  and  the  ellects  of  all-destroy- 
ing time. 

I  have  been  more  minute  in  the  description 
of  this  part  of  England  than  may  appear  con- 
sistent with  the  mere  outline  of  its  geology 
which  I  proposed  to  give;  but  so  little-was 
known  respecting  the  mineralogy  of  these 

•  Those  "  whose  minds  proud  science  iie»er  uught  to 
«tny"  have  their  modes  of  explaining  the  cause  of  everr 
Tcmarkahie  appearance  in  nature,  which  some  times  display 
«  much  inventive  fancy  as  the  speculations  of  the  phtlo- 
M>[dMr.  My  guide  on  this  part  of  the  fore.st,  a  respect- 
ahle  lanDer,  observing  my  attention  fixt  on  these  toAt, 
gravely  wid,  "  Sir,  this  is  a  strange  place ;  ail  these  rocks 
were  rent  asunder  at  the  time  of  the  crucifixion,  which  we 
read  of  you  know  in  the  Testament."  An  opinion  so 
barmleas,  and  which  offered  such  a  visible  confirmation  of 
I,  it  mwM  have  been  cnid  to  disturb. 

hills, 
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hills,  though  in  the  centre  of  the  island,  tliat 
I  trust  I  shall  be  excused  for  this  deviatios. 
llie  country  presents  few  scenes  to  allure  the 
picturesque  traveller,  and  the  surface  will 
soon  be  nearly  concealed  by  plantations  and 
inclosures.  The  observations  were  made 
during  a  mineralogical  examination  of  some 
of  the  manors  on  the  forest  for  the  Eai4  of 
Moira. 

On  the  western  side  of  England,  as  we  ap- 
proach the  alpine  districts,  we  occasionally 
meet  with  rocks  of  a  similar  class  to  those 
in  Wales,  but  surrounded  by  the  secondary 
strata  of  the  middle  district :  of  these,  the 
Malvern  hills  on  the  borders  of  Hereford- 
shire and  the  Wrekin  and  Caradoc  hills  in 
Shropshire  are  the  most  considerable. 

The  Malvern  hills  are  from  eleven  hundred 
to  fourteen  hundred  feet  high,  and  extend 
for  ten  miles,  rising  on  the  eastern  side  from 
the  flat  country  on  the  vale  of  Severn ;  on 
the  western  side  they  are  connected  with  a 
range  of  lower  hills,  which  extend  several 
miles  into  Herefordshire. 

The  central  parts  of  these  hills  are  prin- 
cipally composed  of  granitic  rock,  consisting 
of  the  common  ingredients  of  granite,  but 

mixed 
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mixed  urith  hornblende  in  various  propor* 
tions,  and  presenting  a  great  variety  of  ap- 
pearance. The  lower  declivities  are  covered 
with  lime-stone  and  sand-stone.  For  a  par- 
ticular account  of  the  mineralogy  of  the 
Malvern  hills,  I  refer  the  reader  to  a  valuable 
paper  by  Mr.  L.  Homer  in  the  first  volume 
of  the  Transsactions  of  the  Geological  So- 
ciety. 

The  surface  of  Shropshire  is  much  broken 
by  basaltic  rocks,  and  other  rocks  which 
connect  the  hills  on  the  western  side  of  the 
county  with  the  alpine  district  of  Wales,  or 
what  I  denominate  the  Cambrian  range. 

The  Wrekm  and  Caradoc  hills,  with  the 
kills  in  their  vicinity,  belong  to  those  of 
basaltic  formation,  being  composed  of  a 
variety  of  green-stone  and  amygdaloid: 
some  of  these  rocks  contain  the  mineral 
called  actinolite.  On  the  sides  of  these  hills 
are  singular  beds  of  clay-stone,  containing 
cells  or  cavities,  varying  in  size,  but  seldom 
exceeding  that  of  an  almond ;  they  are  flat- 
tened and  elongated,  as  if  by  pressure  since 
their  formation.  The  Clee  hills,  the  highest 
in  the  county,  belong  to  the  coal  formation, 

but 
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but  are  capped  with  basalt,  as  described  in 
page  146. 

The  loftiest  mountains  of  the  Cambrian 
range  extend  through  Caernarvonshire  and 
Merionethshire.  They  decline  in  height  as 
they  pass  through  Cardiganshire  and  South 
Wales,  and  dip  under  the  coal  strata  on  the 
borders  of  the  Biistol  channel.  Branches 
from  this  range  spread  through  the  western 
counties  of  Wales,  and  paft  of  Herefordshire 
and  Shropshire. 

I  have  only  seen  the  mountains  called  the 
Rivals  at  a  distance ;  but  their  conical  or  py- 
ramidal form  so  nearly  resembles  that  of  the 
greater  and  lesser  Sugar  Loaf  on  the  oppo- 
site coast  of  Wicklow,  that  1  think  it  ex- 
tremely probable  they  are  both  composed  of 
the  same  kind  of  quartz  rock,  which  is  well 
known  to  assume  this  form  in  various  parts 
of  the  world.  By  some  persons  they  have 
been  mistaken  for  volcanic  craters ;  but  the 
conical  form  is  occasioned  by  the  higher  parts 
of  the  rock  being  broken  into  detached  blocksy 
which  roll  down  and  accumulate  round  the 
base,  where  they  remain  uncovered  by  vegeta- 
tion, and  scarcely  subject  to  further  decay, 

Snowdon 
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Snowdon  in  Caernarvonshire,  and  some  of 
the  other  mountains  in  that  county,  are  from 
three  thousand  four  hundred  to  three  thou- 
sand five  hundred  and  .seventy  feet  above  the 
level  of  the  sea,  which  is  above  one  hundred 
yards  higher  than  any  of  the  mountains  in 
Cumberland.  A  magnificent  view  of  that 
part  of  the  Cambrian  range  which  extends 
through  Caernarvonshire,  is  seen  from  the 
southern  point  of  the  Isle  of  Anglesea,  on  the 
entrance  of  the  Mcnai;  here  tlie  whole  of  the 
Snowdonian  mountains  may  be  comprised  in 
one  view  from  Penmanmaur  on  the  norihem 
coast,  to  the  conical  mountains  called  lliti 
Rivals  on  the  furthest  southern  extremity  of 
the  county,  Snowdon  rising  imm(jdiately  in 
the  midst  of  this  range. 

Rocks  of  lime-stone  containing  lead  and 
zinc,  similar  to  the  lime-stone  of  the  northern 
ratige,  compose  many  of  the  mountains  on  tlie 
eastern  side  of  North  Wales;  some  detached 
coal  fields  occur  on  the  lower  declivities  of 
these  hills,  and  lit  basins  or  trough<t  in  the 
counties  of  Flint  und  Denbigh.  This  Ume- 
Rtone  rests  upon  different  varieties  of  slate 
rock,  «hich  are  seen  rising  from  under  it  as 
we  proceed  west.  In  this  direction  we  meet 
«ilh 
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with  a  succession  of  mouDtaiiis  principally 
composed  of  gray  wacke,  flinty  slate,  and 
roof-slate,  intersected  by  veins  of  quartz  con- 
taining copper  pyrites,  and  occasionally  with 
green-stone,  porphyry,  and  sienite. 

Organic  remains  are  sometimes  discovered 
in  the  slate  of  North  Wales  as  well  as  in  that 
of  the  higher  Alps,  which  may  serve  to  prove 
the  impropriety  of  the  term  primary,  as  ap^ 
plied  to  slate.  No  considerable  rocks  of  gra-^ 
mte  are  known  to  rise  above  the  surface  in 
Wales ;  but  the  occurrence  of  loose  pieces  of 
granite  indicates  that  it  exists  in  parts  of  that 
district,  and  also  in  Anglesea.  The  rocks  ift 
Anglesea  have  generally  a  low  elevation,  aod 
rise  through  the  soil  in  small  ridges  or  de^ 
laclied  peaks.  Large  blocks  of  extremely 
hard  green-stone  lie  near  the  shore  opposite 
Bangor  ferry.  In  a  narrow  cavity  or  basin 
running  from  near  the  centre  of  the  islaid 
northwards  to  the  sea,  there  is  a  detached 
coal  field,  which  I  am  informed  by  Mr* 
Farey  rests  upon  lime-stone.  The  beautiiid 
8crpentin6  of  this  island  has  been  described! 
see  page  94. 

The  western  side  of  the  island  of  Anglesea 

abounds  in  rocks  allied  to  serpentine,  parti- 

cularlv 
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dilarly  talcous  slate,  which  appears  to  pass 
into  fine  mica  slate,  intersected  by  Hmall 
kuoinro  of  quartz,  which  are  in  some  parts 
straight  and  pandlel,  in  others  they  are  sin- 
^larly  waved  and  contorted.  I  consider  the 
mica-slate  near  Bray  and  Rilliney  on  the 
opposite  coast  of  Ireland,  as  a  continuation 
of  the  same  rock ;  and  as  the  basin  of  the 
Irish  channel  is  no  where  deep  in  this  direc- 
tion *»  it  might,  I  conceive,  not  be  impos- 
sible, though  it  would  certainly  be  unprofit- 
able, to  form  a  tunnel  under  the  Irish  channel. 
lliere  is  one  at  present  formed  at  a  greater 
depth  under  the  surface  in  the  county  of 
Durham,  which  extends  one-fifth  part  of  the 
iBstance,  supposing  the  work  to  commence  on 
each  side. 

On  the  eastern  side  of  Radnorshire,  near 
Old  Hadnor,  are  two  mountains  called  Hun- 
tor  and  Stanner,  which  are  principally  com- 
posed of  a  greenish  miqeral  substance,  nearly 
dMed  to  serpentine,  called  by  mineralogists 
diaUage  or  smaragdite ;  it  is  intermixt  with 
BtMitite.     Further  west,  at  Llandegley,  there 

*  I  have  not  a  chart  of  the  soundings  to  refer  to,  but 
I  beKrve  they  are  not  more  than  seventy  fathom  in  any  part. 
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is  a  range  of  jagged  rocks  composed  of  eel* 
lular  clay-stone,  which  resembles  lava:  the 
cells  are  compressed,  and  lined  with  hema* 
tite.     Sulphurous  springs  and    beds  of  sul- 
phurous lime-stone,  with  the  shattered  ap* 
pearance  of  the   rocks  in   this  part  of  the 
county,  all  impress  the  mind  with  the  belief 
of  the  former  agency  of  subterranean  fire. 
Similar  indications  may  be  traced  from  Shrop- 
shire in  this  direction  to  Cader  Idris  in  Me- 
rionethshire.    Cader  Idris,  one  of  the  lofti- 
est mountains  in  that  county,   has  near  its 
summit    a   vast  conical    cavity   resembling 
a  volcanic  crater :    the   north   side   of  the 
mountain  is  covered  with  scattered  basaltic 
columns  composed  of  porphyritic  green-stone 
already  described  in  the  fifth  chapter.  An  in- 
teresting sketch  of  a  group  of  these  columns, 
taken  by  Henry  Strutt,  Esq,  of  Derby,  with  a 
camera  lucida,   is  given   Plate  V,  and  may 
be  relied  upon  as  a. correct  representation, 
without  that  heightening  of  the  eflfect  which 
we  are  insensibly  disposed  to  give  to  striking 
objects  when  copied  by  the  eye.     The  accu* 
racy  of  the  outline  will  be  more  valued  by 
the  mineralogist  than  the  tints  and  shades  of 
a  finished  drawing.     The  figure  was  intro* 

duced 
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duced  in  the  sketch  as  a  standard  of  com- 
parison. The  crystals  or  columns  represented 
in  this  plate,  were  observed  in  an  excava- 
tion on  the  north  side  of  the  mountain, 
after  an  unusually  violent  thunder  storm . 
which  had  taken  place  a  few  weeks  before. 
The  surface  of  the  ground  appeared  recently 
torn  up,  and  the  colour  and  angular  sharp- 
ness of  the  columns  further  proved  that  they 
had  been  exposed  but  a  short  time  to  the 
atmosphere,  which  soon  changes  the  colour 
of  this  stone,  and  renders  it  considerably 
lighter.  The  original  position  of  these 
columns  has  evidently  been  disturbed  by 
some  violent  concussion.  This  circumstance 
was  referred  to  in  a  preceding  chapter. 
The  reader  will  excuse  the  repetition,  as  this 
mountain  presents  objects  particularly  in- 
teresting to  tlie  geologist,  there  being  no 
other  situation  in  South  Britain  where  the 
columnar  structure  of  the  rock  is  so  stri- 
kingly  displayed    on    a  large  scale. 

The  mountains  on  the  north  side  of  Radnor- 
shire are  principally  gray  wacke  passing  from 
greenish  schistose  sand-stone  to  coarse  slate. 
I  was  shown  a  number  of  detached  rock  cry- 
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stals  found  in  the  soil  in  one  part  of  the 
county,  which  reaemble  in  every  respect  the 
stones  from  Cairngorum  in  Scotland ;  but  I 
bad  no  opportunity  of  examining  the  situa^ 
tion,  to  discover  if  any  rock  existed  in  the 
vicinity  which  contained  similar  crystals. 

The  rocks  which  bound  the  coal  field  of 
South  Wales  on  its  western  extremity  in 
Pembrokeshire  are  composed  principally  erf 
hornblende  and  felspar,  intermixed  in  vari^ 
ous  proportions.  With  these  are  associated 
schistose  rocks  and  others  resembling  a  fine 
grained  conglomerate.  These  rocks  in  their 
structure  and  constituent  parts  bear  a  stri* 
king  resemblance  to  the  porphyritic  sienites 
and  other  rocks  on  Charnwood  forest  in  Leir 
cestershire. 

I^ime-stone  abounds  in  the  southern  parts 
of  Wales;  it  is  the  foundation  rock  of  the 
great  coal  field  extending  from  Pembroke- 
shire to  Monmouthshire,  and  may  be  seen 
rising  from  u«der  the  coal,  and  forming  the 
boundary  of  the  coal  strata  which  lie  ar- 
ranged in  an  extended  concavity  formed  in 
this  lime-stone.  The  principal  mineral  trea- 
sures of  the  alpine  districts  in  Wales  are; 

coppery 
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copper,  lead,  nnd  slate  ;  and  of  the  less  ele- 
vated (Hatricts,  coal  and  iron-stone :  but 
much  remains  to  be  done,  and  many  years 
will  probably  elapse  before  we  are  accurately 
acquainted  with  the  mineralogy  of  this  part 
of  the  island.  Perhaps  there  are  few  di- 
stricts ill  Europe  that  contain  more  hidden 
treasures  that  would  amply  reward  the  pro-  . 
prietors  for  the  expense  or  labour  of  scienti-  4 
fie  research. 

The  Devonian  range  spreads  through  part 
of  Somersetshire,  passing  through  Devon- 
shire and  Cornwall,  and  terminates  at  the 
Lizard  Point  and  the  Land's  End.  Similar 
rocks  make  their  appearance  in  ihe  Scilljr 
Islands,  in  the  islands  of  Jersey,  Guernsey, 
and  Alderney,  and  on  the  opposite  coasts  of 
France.  The  highest  part  of  this  range  is 
formed  by  the  mountains  of  Dartmoor  in 
Devonshire,  which  is  stated  at  fifteen  hun- 
dred feet  above  the  level  of  the  sea  ;  but  few 
of  the  mountains  in  Cornwall  have  more  than  ' 
half  that  elevation.  The  strata  of  the  middle 
district  rise  at  an  elevated  angle  as  they  a|>- 
proach  the  granite  rocks  of  this  range. 
Metalliferous  lime>stone  and  slate  or  killas 
form  the  western  boundary  of  the  coal  di- 
2  D  '2  strict 
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strict  in  Somersetshire,  and  range  along  that 
county  into  Devonsliire  and  Cornwall. 

A  chain  of  granite  mountains  extends  from 
Dartmoor  in  Devonshire  to  the  extremity  of 
Cornwall.     Their  declivities,  and  sometin^s 
their   summits,    are  covered  with   rocks  of 
slate  and  killas,  and  occasionally  by  variously 
coloured   lime-stoae.     The   killas   of   Corn- 
wall appears  to   occupy  the  place  of  mica 
slate  ;  the  finer  kind  has  a  silky  lustre,  and 
seems  nearly   allied  to   that   rock.     At  the 
Lizard  Point  the  rocks  of  granite  are  covered 
by    a    schistose    micaceous    rock    and    by 
serpentine ;     but    the   latter  is   far   inferior 
in     beauty   to     the    serpentine    in    Angle- 
sea*.    Rocks  composed  of  diallage  occur  near 
the  serpentine  in   Cornwall.      Soft    steatite 
called  soap  rock,  very  much   valued  in  the 
manufacture   of  china,  is  found    imbedded 
in  serpentine.     Decomposed  white  felspar  or 
kaolin,  produced  from  the   granite  rocks  of 
Cornwall,  is  also  employed  in  the  manufac- 
ture of  china  and  the  finer  kinds  of  pottery. 


*  Those  parts  of  the  alpme  districts  wKere*  granitic  or 
schistose  rocks  occa^sionally  rise  to  the  surface  are  shaded 
by  lines  in  the  Geological  Map. 

Slate 
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Siftte  and  marble  are  supplied  from  many- 
parls  of  the  Devonian  range  ;  but  the  trea- 
sures for  which  this  part  of  England  is  most  , 
distinguished  are  the  ores  of  tin  and  copper. 
For  the  former  our  island  was  visited  by  the 
first  commercial  nations  of  antiquity.  The 
mines  of  tin  are  far  from  being  exhausted; 
but  the  ore  must  have  been  more  abirndant  , 
formerly  than  at  present.  This  is  evident! 
from  the  pebbles  of  tin  ore  foimd  a  little 
under  the  surface  in  the  plains  and  valleys  of  i 
Cornwall.  Tin  ore,  or  tin  stone  as  it  is  called 
by  mineralogists,  is  extremely  hard,  and  there 
can  be  little  doubt  but  these  water-worn 
fragments  once  formed  a  part  of  regular  veina 
which  intersected  mountains  that  Iiave  been 
decomposed  and  worn  down.  From  the 
manner  in  which  this  ore  is  procured  by  re- 
moving and  washing  the  surface  of  the 
ground,  it  is  called  stream  tin.  The  deepest 
mines  in  Cornwall  are  that  called  Cook's 
Kitchen,  which  is  four  hundred  and  twenty- 
yards,  and  the  Dolcoaih  mine,  which  is  at 
present  worked  at  the  depth  of  four  hundred 
and  fifty-six  yards  from  the  surface.  Tin  stone 
is  sometimes  disseminated  through  granite. 

A  black 
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A  black  crystallised  mineral  called  schorl, 
fi  species  of  tourmaline,  is  also  intermixt  with 
some  of  the  granitic  rocks  of  Corn  ^v  all,  and 
sometimes  constitutes  the  principal  part  of 
the  rock.  Beside  copper,  tin,  and  lead,  this 
range  contains  ores  of  silver,  cobalt,  bismuth, 
manganese,  antimony,  zinc,  and  iron.  Pieces 
of  native  gold  are  occasionally  discovered  in 
the  sands  of  rivulets  in  a  similar  situation  to 
stream  tin;  some  of  these  pieces  are  as 
large  as  a  field  bean.  All  the  known  me* 
tals  are  found  in  Cornwall  in  greater  or 
smaller  quantities,  except  platina,  mercury, 
molybdena,  tellurium,  tantalium,  columbium, 
4nd  cerium. 

The  annual  value  and  produce  of  the  cop- 
per and  tin  from  the  mines  in  this  district 
were  as  under : 

Copper  ore.    Copper.    Per  ton. 

,„„„< Cornwall  73,434  —  7118")    £.           £. 

^^^^Devon  3,725  -    369/  107  -  781,348 

,_   ^Cornwall  72,038  —  6972) 

^^^JDevon  3,210-    365  ^^    122-875,784 

f  Cornwall    76,525  —  665 1 ) 
1810[Devon  3,713-    854^   141-969,376 

SCom\vatt    70,000  —  5948) 
»«'»|D«von  3,540-    323$   125-767,379 

Average 
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Ayerage  annual  value  of  tin  £. 

Trnil. 

From  1790  to  ISOO,  per  ann.     3245  227,(M7*. 

a  general  view  of  the  geology  of  Ei^. 
id,  tbe  hot  wells  and  w»rm  springs  must 
not  be  neglected.  The  warm  springs  in  Der- 
byshire vary  in  temperature  from  58  to  82 
degrees,  though  each  spring  preserves  the 
same  degree  of  heat  except  in  situations  wlicre 
the  waters  have  been  intermixt  with  those 
near  the  surface  by  excavations  made  In 
mines  or  by  other  causes.  The  eilects  of 
internal  heat  appear  to  extend  under  the 
whole  district  that  contains  basaltic  amyg- 
daloid or  toad-stone,  for  the  rivers  of  this 
county  are  rarely  frozen  except  in  still  situa- 
tions when  the  thermometer  is  little  more 
than  10  degrees  above  zero.  A  very  sensi- 
ble degree  of  warmth  may  be  perceived  in  i 


*  This  account  of  the  produce  of  the  Comish  ores  if  i 
extracted  from  the  article  Mines  in  Dr.  Reea's  C)-clopRifiBt 
to  which  1  refer  the  reader  for  an  excellent  statistical 
account,  by  Juliit  Taylor,  Esq.  The  advantages  of  locil 
and  practical  inl'orination  which  thli  gentleman  possessed, 
combined  with  requisite  science,  render  the  whole  of  thin 
article  particularly  deserving  attention. 

tbe 
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the  water  of  the,  Crumford  canal  between 
Matlock  and  Crich,  and  numerous  exhalar 
lions  from  warm  springs  may  be  frequently 
seen  rising  from  the  neighbouring  hills.  The 
warm  springs  of  Bath  and  Bristol  have  a 
much  higher  temperature  than  those  of 
Derbyshire,  owing  probably  to  their  being 
less  intermixt  with  the  waters  near  the  sur- 
face, as  they  issue  from  fewer  apertures. 
It  has  been  remarked  that  warm  springs  are 
principally  confined  to  basahic  and  volcanio 
countries.  In  Iceland,  in  the  Azores,  in  Si- 
cily,  in  Italy,  and  various  parts  of  Europe 
not  distant  from  volcanic  or  basaltic  rocks, 
numerous  warm  springs  exist;  but  in  the 
whole  of  the  United  States  of  America,  where 
there  are  few  basaltic  rocks,  warm  springs 
are  scarcely  known  *, 

These  remarks  are  confirmed  by  the  situa*^ 
tion  of  the  warm  springs  in  Derbyshire,  sur* 
rounded  by  beds  of  basaltic  rock  nearly  al- 
lied to  lava,     The  hot  springs  of  Somerset-. 

—  I  -    ■    _     _  ...        , 

*  Essai  sur  Ja  Geologic  des  Etats  Unis,  par  W.  Maclure, 
r-'Journal  de  Physique.  Warm  springs  are  said  frequently 
to  rise  on  the  side  oC  basaltic  dykes, 

shire 
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shire  are  situated  on  the  western  side  of  the 
island,  not  far  from  the  line  of  basaltic  rocks 
extending  from  the  coasts  of  Wales  and  Ire- 
land to  the  Hebrides,  and  terminating  at  its 
northern  extremity,  in  the  volcanic  moun- 
tains of  Iceland.  It  will  scarcely  be  denied 
that  the  boiling  fountains  or  geysers  of  that 
country,  and  the  warm  springs  of  Italy,  Sicily, 
and  St.  Michael  in  the  Azores,  derive  their 
temperature  from  subterranean  fire ;  and  it  iit 
contrary  to  the  established  rules  of  piiilo-* 
sophy  to  multiply  causes  and  seek  for  other 
sources  of  heat  in  the  waters  of  Bath  or  ' 
Buxton. 

The  former  have  preserved  their  high  tem- 
perature for  two  thousand  years;  hence  it  is 
obvious  that  they  rise  from  a  great  depth, 
far  below  the  cifects  of  those  changes  which 
take  place  near  the  surface.  It  is  further  re- 
markable that  the  hot  wells  of  Bath  and  the 
boiling  fountains  of  Iceland  both  contain  la 
solution  siliceous  earth,  one  of  the  most  in- 
Boluble  substances  in  nature:  the  similarity  ^ 
of  their  contents  affords  a  further  conlirma- 
tion  that  they  derive  their  heat  from  the 
&ame  cause,  and  we  have  every  proof  the 
subject 
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subject  will  admit  of  that  this  cause  is  sub- 
terranean fire*. 

We  have  no  record  or  tradition  of  volcanic 
eruptioos  in  our  island  ;  hot  springs  are  the 
only  ph^Qomena  that  clearly  indicate  the 
existing  activity  of  subterranean  fires :  but 
if  the  igneous  origin  of  basaltic  rocks  be 
established,  ive  have  abundant  evidence  of 
their  prior  operation  on  an  extended  scale 
from  the  centre  of  England  to  the  Irish  chan* 
neU  and  from  thence  to  the  furthest  extremity 
of  Scotland.  Nor  is  it  impossible,  or  highly 
improbable,  that  volcanic  fires  may  again 
break  out  on  the  western  side  of  our  island : 


*  Temperature   of  the  Hot  Waters  in  England,  and 

some  other  parts  of 

Europe, 

Fahrenheit 

firistoi                —          — 

—            74^ 

Matlock    —     —        -* 

—           66 

Buxton      —    —         •— 

—             82 

Bath          — .    —           — 

112  and  116 

Vichy,  Auvergue,            — 

—            120 

Carlsbad,  Bohemia,        — 

—            165 

Aix  la  Chapelle,  Flanders, 

~            US 

Borset,  near  Aix  la  Chapelle^ 

—            132 

Bareges,  South  of  France, 

—            120 

the 
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the  internal  agitation  of  the  waters  of  Kea- 
wicklakein  Cumberland,  called  the  'bottom 
wind/  and  the  subterranean  noises  and  earth- 
quakes frequent  near  Comrie  in  Perthshire, 
may  with  much  probability  be  classed  with 
volcanic  phajnomena.  A  volcano  that  was 
dormant  for  more  than  two  thousand  years 
suddenly  broke  out  in  Calabria  in  1702  ;  and 
Vesuvius  is  known  to  have  had  periods  of  re- 
pose for  several  centuries.  The  inhabitants  of 
Pompeii  and  Herculaneum  had  as  much  con- 
fidence in  the  stability  of  nature  as  the  pre- 
sent inhabitants  of  Bath,  when  they  were 
overwhelmed  in  a  moment  by  a  volcanic 
eruption  which  buried  themselves  and  their 
cities,  and  left  no  trace  on  the  surface  of  their 
former  existence.  In  contemplating  these 
great  revolutions  which  have  changed  the 
surface  of  the  globe,  we  are  not  to  consider 
the  powers  of  nature  extinct,  because  tlieir 
periods  of  activity  may  extend  beyond  the 
reach  of  human  observation. 

The  future  is  concealed  from  our  view  ;  nor 
would  it  be  wise  to  encourage  the  disposition 
described  by  the  poet,  which  anticipates  re- 
mote calamity,  and 
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^^ trembles  at  impossible  events, 

Lest  aged  Atlas  should  resign  his  load. 

And  heaven's  eternal  battlements  rush  down«^* 

We  are,  however,  too  much  engrossed  by 
the  present,  and  occupied  with  the  cares  or 
amusements  of  hfe,  to  be  in  gi'eat  danger 
of  having  our  peace  disturbed  by.  speculations 
respecting  the  future  condition  of  our  planet 
When  earthquakes  and  volcanoes,  those  awful 
ministers  of  nature  and  providence,  desolate 
a  country,  resignation  is  the  true  philosophy 
of  the  sage.  The  evils  which  nature  inflicts 
are  transient,  and  bear  no  proportion  to  those 
M'ith  which  man  torments  his  fellows.  It  may 
fairly  be  doubted  whether  all  the  destructive 
eflects  of  subterranean  fires,  of  lightning,  in- 
undiitions,  and  earthquakes,  since  the  earliest 
records  of  history,  have  produced  half,  the 
sum  of  human  misery  felt  in  those  countries 
which  are  the  present  seats  of  war  *.  These 
evils  are  indeed  only  known  to  us  at  a  di- 
stance :  hence  we  regard  them  with  indiffer- 
ence, if  not  with  complacency,  and  con- 
template a  state  of  warfare  as  the  natural 
and  proper  condition  of  civilized  society. 


♦  In  1813. 

It 
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It  is  liopeJ  tiiat  the  sketch  here  givfn  of 
the  geology  of  England  will  be  received  with 
candour,  if  not  witli  indulgence,  as  an  at- 
tempt to  present  in  a  concise  form  the  lead- 
ing features  of  its  mineral  geography.  To 
fill  up  the  outline  and  complete  the  picture 
of  each  district  with  accuracy,  would  require 
the  labour  of  many  active  and  intelligent 
observers,  continued  with  diligence  for  a  long 
period  of  time;  and  if  we  are  to  reason  from 
the  little  progress  these  inquiries  have  already 
made,  we  may  predict  it  will  never  be  accom- 
plished. It  is  now  more  than  two  thousand 
years  since  our  island  was  visited  by  the 
Phoenicians  for  its  mineral  treasures;  yet  at 
the  present  day  almost  all  that  is  known  of 
the  mineralogy  of  England,  is  what  igno- 
rance and  chance  have  discovered.  Though 
tin  ore  was  procured  from  Cornwall  in  the 
earliest  ages  of  the  world,  the  ores  of  copper 
in  the  same  district  were  totally  neglccle<l 
till  the  beginning  of  the  last  century,  and 
much  later  most  of  our  utensils  of  copper 
and  brass  were  imported  from  the  continent. 
In  Derbyshire,  where  mines  have  been 
worked  since  the  time  of  the  Roman  con- 
quest, one  of  the  richest  ores  of  lead  was  . 
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unknown  and  thrown  away  ao  late  as  the 
year  1804 ;  and  the  ores  of  zinc  were  em- 
ployed for  mending  the  roads  in  that  county, 
in  the  memory  of  many  persons  now  living. 

An  acquaintance  with  the  mineral  products 
of  our  own  country  forms  no  part  of  what  is 
deemed  a  regular  course  of  liberal  education ; 
and  in  general,  landed  proprietors,  however 
enlightened  on  other  subjects,  know  little 
more  of  their  own  estates  below  the  soil  and 
the  sub-soil  than  their  ancestors  in  the  dark^ 
est  ages  of  our  history.  Very  few  situations 
have  been  scientifically  examined  to  ascertain 
the  nature  and  quality  of  the  mineral  sub- 
stances they  contain,  though  such  an  ex- 
amination could  scarcely  fkil  to  reward  the 
labour  of  research,  and  would  frequently 
open  new  sources  of  wealth  to  the  proprie- 
tors, and  prove  a  public  benefit  by  multi- 
plying the  objects  on  which  natiohal  industry 
might  be  profitably  employed  The  combi- 
nations in  the  mineral  kingdom  are  so  in- 
finitely diversified,  that  scarcely  two  situa- 
tions in  the  same  district  agree  precisely  in 
their  mineral  products,  and  even  thf  same 
bed  or  stratum  often  varies  greatly  in  it5 
quality  in  different  parts  of  its  course.  In- 
stances 
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ilances  are  not  unfrequeot  of  proprietors  of 
estates  purchasing  from  a  great  distance  the 
very  substances  which  they  possessed  on  the 
surface  of  their  own  ground.  A  gentleman 
of  high  respectability  near  Bath  lately  in- 
formed me  that  for  more  than  thirty  years 
be  had  procured  at  a  heavy  expense  from 
Wales,  at  the  distance  of  one  hundred  miles, 
a  particular  Hnie-stone  which  cements  under 
water,  for  the  use  of  his  extensive  coal  mines 
in  Somersetshire.  Walking  one  day  over 
his  estate,  he  picked  up  a  stone  from  the 
projecting  rocks,  and  was  struck  with  its 
resemblance  to  the  Welsh  lime-stone  ;  he  or- 
dered a  trial  to  be  made  of  It,  and  found  it 
in  every  respect  similar,  and  has  continued 
to  use  it  in  his  works  ever  since.  Numerous 
instances  of  the  same  kind  might  be  cited. 
Indeed  there  are  few  extensive  estates  whose 
value  would  not  be  greatly  increased  by  a 
correct  knowledge  of  the  mineral  substances 
they  contain.  The  well  known  maxim  cf 
Lord  Bacon,  that  knowledge  is  power,  is  par- 
ticularly applicable  to  this  subject  ;  for,  as 
Sir  John  Sinclair  has  justly  staled,  •'  a  know- 
ledge of  our  subterranean  wealth  would  be 
^_lilie  means  of  furnishing  greater  sources  of 
^^b,  opulence 
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opulence  to  the  country  than  the  acqiusitioa 
of  the  mines  of  Mexico  or  Peru  *.'* 


*  This  knowledge  would  frequently  save  landed 
prietors  from  the  expense  of  subterranean  operation  | 
for  in  numerous  situations  an  acquaintance  with  the  tcw 
nature  of  the  rocks  or  strata  on  the  surface  would  pi^' 
viously  demonstrate  that  the  objects  of  their  icmawi 
were  unattainable. 

The  author  trusts  it  will  not  be  deemed  either  irrdbr 
vant  or  obtrusive  to  refer  the  reader  to  the  notice  prefixnl 
to  the  Appendix  of  the  present  volume^  explanatory'  m 
his  pursuits* 
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CHAPTER  XV. 

On  the  Crystallization  of  Mountain  Masses.-^ 
Variation  of  Polar   Magnetism. — Geohgicai  ' 
Theories. — Formation  of  Planetary  Bodies. — - 
Appearance  of    new     Stars. — Iiiferenccs  and 
^B   Conclusion. 

"■J,  11 E  particles  of  all  solid  bodies  that  can  be 
dissolved  by  heat,  or  held  in  solution  by 
fluids,  have  a  tendency  to  unite  when  slowly  ^ 
cooled  or  evaporated,  and  to  arrange  them-, 
selves  into  regular  forms  called  crystals.  The 
Author  of  nature  has  impressed  on  different 
mineral  substances  determinate  forms  that 
distinguish  them  from  each  other.  The  laws 
bv  which  the  arrangement  of  the  particles 
takes  place  lo  produce  the  various  crystallU 
zatlons  in  the  mineral  kingdom  have  been 
most  luminously  developed  by  the  labours  of 
the  Abb6  Haiiy.  Hitherto,  however,  cry- 
stallization has  been  considered  as  almost 
entirely  contined  to  minute  portions  of  matter: 
its  effects  on  a  large  scale  have  not  been  re- 
garded ;  and  where  they  have  forced  them- 
selves on  the  attention  of  the  most  careless 
2  X.  observer, 
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observer,  attempts  have  been  made  to  deny 
their  existence,  or  attribute  to  them  a  for- 
tuitous origin.  A  more  enlarged  and  at- 
tentive view  of  nature  will,  I  believe,  con- 
vince us  that  the  laws  of  crystallization  have 
extended  to  the  great  masses  of  matter  de- 
nominated mountains,  and  perhaps  to  the 
nucleus  of  our  planet  itself.  That  the  struc- 
ture of  many  mountains  considered  as  strati- 
fied is  owing  to  crystallization,  will,  I  con- 
ceive, admit  of  direct  proof.  To  understand 
the  wbject  more  clearly ^  it  will  be  necessary 
to  begin  with  those  rocks  whose  crystalliaa- 
iion  en  masse  is  most  discernible,  I  mean 
ibe  basaltic  rocka*  When  these  first  at- 
tracted the  attention  of  the  scientific  world, 
various  theories  were  advanced  to  account 
fur  their  formation ;  but  until  the  experiments 
of  Mr.  Keir  and  Sir  James  Hall  had  demon- 
strated that  basalt*  vitreous  lava,  and  even 
glass,  will  assume  the  stony  texture  and  cry- 
stalline form  if  slowly  cooled  from  a  state  of 
fusion,  the  origin  of  basaltic  columns  appeared 
involved  in  much  obscurity.  The  regularity 
of  these  columns,  and  the  distinct  articulation 
of  the  several  prisms  of  which  they  are  ire* 
4U(intly  composed,  see  a.  plate  III.  figure  1. 
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hot  allow  us  for  a  moment  to  sup- 
pose that  they  nre  fortuitous  rents  or  seams, 
occasioned  by  the  drying  or  shrinking  in 
of  the  basalt.  These  forms  are  aa  evi-  , 
dently  the  result  of  crystallization  as  those 
of  the  crystals  called  garnet  or  the  tourma- 
line*. 

It  has  been  before  stated  that  basaltic  and 
granitic  rocks  frequently  contain  globefl, 
•which  consist  of  concentric  spheres,  see  D 
plate  III.  figure  I.  Sometimes  these  globee 
are  radiated,  in  other  instances  the  globes 
appear  to  have  been  compressed  against  each 
other,  and  their  sides  flattened,  as  in  C  fig.  1. 
When  the  compression  takes  place  on  each 
side  equally,  hexagonal  prisms  will  be  pro- 
ducfd.  Similar  balls  are  found  in  the  b^ 
sails  of  Auvergne  and  in  various  other  situ»> 
(ions.  DoJomieu  observed  balls  with  divei^  ' 
ging  rays  in  the  products  of  jEtna-f*. 


*  risie  111,  fig  I,  t.  is  intended  to  reproAent  a  coIudu^ 
ill  whicii  the  projecting  points  seen  in  lijr.  a.  aie  decoio- 
posed. 

t  The  balls  from  Vesuvius  which  I  have  seen,  called 
volcanic  bombs,  an   evidently  of  b  different  fbnnatioil,  ' 
consisting  of  pieces  of  iava  which  hail   taken  a  globow 
forni  in  the  air   at  the  linie  of  ifacir  ejccliun,  when  in  m 
melted  aiid  6uid  state. 
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In  the  experiment  of  Mr.  G«  Watt  on 
melted  basalt  before  stated ,  spheroids  two 
inches  in  diameter  were  formed  in  the  stones, 
which  were  composed  of  concentric  radiated 
coats ;  in  other  instances,  by  the  enlargement 
of  the  spheroids,  the  sides  were  compressed, 
and  they  formed  prisms  or  polygons. 

Whoever  has  attended  impartially  to  the 
&cts  stated  by  Mr.  Keir^  Sir  James  Hall,  and 
Mr«  Watt,  and  has  examined  specimens  of 
the  products  of  their  experiments,  can  scarcely 
doubt  that  the  columnar  and  globular  struc- 
ture of  rocks  is  the  result  of*  crystalline  ar- 
rangement. That  the  slaty  and  tabular 
structure  of  rocks  is  also  the  result  of 
.cryistallization  may  be  less  ot)vious,  but  I 
think  is  not  lei^  certain.  It  is  stated  by 
JPerrara,  that  slate  brought  to  a  state  of 
fusion  has  been  observed  to  assume  the  slaty 
structure  again  when  slowly  cooled ;  and  it 
is  admitted  that  the  tendency  to  a  slaty 
structure  in  most  stones  is  owing  to  the 
mica  they  contain.  Now  no  one  will  deny 
that  the  laminae  of  mica  are  the  result  of 
the  crystalline  arrangement  of  the  particles^ 
and  not  of  mechanical  deposition;  and  the 
instimces  of  the  laminse  of  slate  dividing  in  a 
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contrary  direction  to  that  of  the  tabular  mass, 
are  a  clear  proof  of  the  crystiiiline  arrange 
ment  of  the  rocks  in  which  they  occur, 
Seniivitreous  lava  is  not  iinfreqiiently  divided 
by  horizontal  seams  into  tabular  masses  re- 
sembling the  divisions  of  stratified  rocks; 
but  it  will  not  be  contended  that  such  lava 
is  stratified  in  the  common  acceptation  of  the 
term :  nor  do  I  think  we  have  more  reason  to 
consider  the  tabiilnr  masses  of  granite,  por- 
phyry, or  slate,  as  the  effect  of  stratification. 
They  may  sometimes  be  the  result  of  me. 
chanical  separation ;  but  such  partings  hare 
generally  rough  uneven  faces,  which  di- 
sbnguish  them  from  those  divisions  which' 
are  the  eftects  of  cryatalline  arrangement 
The  tabular  masses  distinguishable  among'  ^ 
the  columns  of  Cader  Idris  are  evidently 
stals  :  see  plate  V.  ' 

'he  tendency  of  anorganic  matter  to  as-' 
le  crystalline  forms  \s  so  powerful,  that 
it  is  in  some  instances  able  to  produce  lliis 
arrangement  in  the  particles  of  solid  liodiei 
at  a  temperature  much  below  that  of  fusion, 
and  tvt*n  in  the  common  temperature  of  the  ^ 
atmospliere.  In  the  experiments  of  Mr, 
Watt,  the  changes  took  place  and  the  cry*' 
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8taU  were  formed  when  the  atone  was  m  a 
solid  state,  but  at  a  high  temperature.  The 
magnetic  iniflueQce  of  tho  stone,  he  also  <  ob^ 
serves,  keeps  pace  with  the  perfection  of 
the  arrangement  of  the  particles.  He  fur<v 
ther  states  that  ^^  instances  even  inore  re» 
Vjarkable  hav§  been  known  and  authenti- 
cated, though  perha^  they  have  pot  gener 
rally  been  regarded  with  the  attention  they 
deserve.  Glass  vessels  are  well  koown  to  be 
convertible  into  Reaumur's  porcelain  by  tbe 
internal  arrangement  of  their  particles,  with* 
out  losing  their  external  form,  and  conse? 
quently  at  a  temperature  much  below  that 
requisite  for  their  fusion.  The  change  of  glass 
into  Reaumur's  porcelain  does  not  arise  from 
an  evaporation  of  the  alkali,  as  has  been 
alleged,  but  from  a  regular  arrangement  of 
the  molecules  of  the  glass.  It  commences 
by  the  fonnation  of  £bres,  perpendicular  to 
the  surface  of  the  glass,  apd  penetrating  into 
itt  At  nearly  the  same  time,  smaller  radi* 
ated  globules  ar^  formed  in  the  interior  of 
the  glass,  and  the  union  of  these  with  the 
fibres,  by  theiiP  mutual  increase,  forms  the 
whole  into  a  new  substance ;  and  if  the  ten- 
quis^te  temperature  b9  longer  ^aiatained^ 

the 
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the  fibres  disappear,  ami  the  wliole  becomes 
fine   grained,    and    almost    compact.      Thii  I 
substance,   from   the    improved   state   of  iti  ! 
aggregation,  is  much  stronger  and  more  te^  ] 
rtacious  than   before,  and  is  not  fusible  at  ft  J 
heat  sufiicient  to  fuse  the  glass  it  was  formed  ' 
from:  hot  if  tiiat   aggregation   he  once  dei 
stroyed,  the  glass   resnhing   from  its  fusioft 
isequailv  fusible  with  the  original  glass;  aiid  ' 
a   repelilioii  of  the  process  w!l  again   form 
Keaumur's   porcelain,  which   mnv  he    agairt 
fused,  and  so  on  repeatedly,  for  the  quantity  i 
of  alkali  e\aporated  during  the  operation    n 
extremely  small.     The  hardness  and  brittle*  ' 
nejB   of   metals  rapidly    cooled,    contrasted 
with  the  softness  and  tenacity  resulting  front 
their  gradual  refrigeration,  are  all  analogous  ' 
instances;    and    all   the   processes  in  which 
annealing  is  employed,  and  more  remarkably 
the  tempering  of  steel,    are  proofs   of  th«  ' 
internal   motions  and  arrangement;  of   the 
particles   of  matter,    at    temperatures   very 
much    below   the   heat   requisite   for  their 
fluidity." 

Examples  of  the  particles  of  solid  matter  ! 
changing   their  mode  of  arrangement  at  Um 
comaioo  teropemture  of  the  atmosphere  are 
l^k^  furnished 
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furnished  by  calcareous  stalactites,  which  art 
formed  by  a  successive  deposition  of  cal: 
careous  particles  over  each  other,  producing 
.concentric  coats:  these  become  radiated^ 
fuid  when  broken,  the  arrangement  appears 
to  have  taken  the  form  of  the  lines  in 
plate  IIL  fig.  I9  d.  In  a  further  stage  of 
the  process  the  radiated  structure  disappears^ 
and  the  stalactite  becomes  irregularly  cry^ 
^talline,  and  at  last  is  chapg^d  into  perfect 
calcareous  spar,  which  divides  into  regular 
rhomboids.  All  the  gradations  may  be  oh- 
served  in  the  same  specimen.  Thus  it  ap- 
pears that  the  particles  of  soUd  niatter  are 
capable  of  a  certain  degree  of  motion^ ;  and 
changes  in  the  mineral  kingdom  m^y  be 
effected  when  matter  is  apparently  in  a  qui- 
escent state.  These  changes  appear  to  b^ 
confined  to  the  internal  structure  of  mine- 
rals.  The  external  structure,  or  that  of 
the  mountain  mass,  seems  to  ifequire .  the 
more  powerful  operation  of  other  agents ;  and 
philosophers  have  long  been  divided  in  their 
opinion,  whether  primary  crystalline  rpck^ 
were  tormed  by  igneous  (usioo,  or  from 
aqueous  .solution.  The  latter  opinion,  sup; 
ported  by  Werjier   and   his  disciples,  ha^ 
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been    already    stated.     The   theory   of   Dr. 
Huiton   supposes  that  crystalline  rocks  wero 
formed  from  the  materials  of  a  more  antienl 
world,  fused   by  central   subterranean  heat; 
and  that  secondary  strata  were  also  formed 
from   the   decayed    materials  of  former  con- 
tinents, carried  down  by  rivers  and  deposited 
at  the  bottom  of  the  sea :   being  at  a  greater 
distance  from    the  central  heat,  they  were 
either  imperfectly  melted,  or  merely  softened   • 
and   consolidated  without  losing  their  strati- 
fied structure.     It  further  supposes  that  our  * 
present  continents  were  raised  from  the  ocean 
by  the  expansive  power  of  subterrsmean  fire, 
which    has   bent,    fractured,   and    separated 
the  incumbent  strata,  and  elevated  the  sub- 
jacent rocks.     The  parts  of  this  theory  which 
relate  to   the  formation  of  primary  and  ba- 
saltic rocks    by  igneous  fusion  are  consonant 
with  manv  existing  appearances;  but  it  would 
be   incompatible   with    ihe   plan  of  the  pre- 
sent work   to  enter  into  a  detailed  expoifition 
of  its   merits   or  defects.      I   have   already 
stated   my  opinions  fully  on  the  formation  of 
basaltic  rocks,    and  shall  further  observe  that 
the  crystalline  or  pyramidal  forms  of  moun- 
I  ybicU  m*.  frequently  excite  the  astonish- 
ment 
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ineDt  of  the  tiavi^cr  in  cKKtAnt  patii  of  flM 
woAdf  irere  i  conoeitie  produced  by  a  «Muki# 
mode  of  formation. 

Tbe  expenmenta  of  Mn  G.  Watt  laa^alM 
dacidate  the  cause  of  the  vatiatioii  of  ^ 
magnetic  needle*  Bj  the  arrangement  ef 
liie  particles  of  the  stony  maBs^  ^ey  acqaivad 
a  nmgneitic  infloeDce,  whicb  becamo  so  pawef» 
ini^  thai  fragment!  were  eapabte  of  bats^ 
aoBpended  by  tbe  magnet:  tb»  inflaenea 
kept  parce  with  the  perfection  of  tbe  cty^ 
MallizHtion ;  and  the  armngement  waa  efiected 
vhen  the  stone  was  in  a  solid  stale.  Fioai 
bence  it  appears  that  a  different  arrange^* 
ment  of  the  particles  by  variation  of  tees* 
pcrature  is  all  that  is  required  to  change  the 
magnetic  state  of  tlie  internal  parts  of  ^ 
earth. 

1  am  not  aware  that  these  highly  interest^ 
ing  experiments  were  considered  by  Mr.  Q. 
Watt^  or  have  subsequently  been  considered 
by  others,^  as  illustrative  of  the  cause  and 
variation  of  magnetic  polarity  in  tbe  earth; 
but  it  appears  ffooi  them,  that  notbiag  mora 
is  wanting  to  give  this  property  to  matter ^  tbas 
such  an  arrangement  of  the  particles  as  cai^ 
even  take  place  by  change^  of  Umfieranm, 

when 
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I  bodies  are  in  a  solid  state.  It  is  nece^ 
nary  to  remark,  tliat  the  iron  which  the  ba« 
suh  contained  did  not  become  more  metaUic 
by  the  process  which  produced  the  magnetic 
influence  ;  for  this  was  at  a  temperature  iar 
below  fusion,  and  therefore  could  not  occa- 
aion  any  chemical  change.  The  existence  o|i 
subternmejin  fire,  deep  under  the  surface  o£ 
the  globe,  is  proved  by  the  long  duration 
of  volcanic  eruptions  from  the  same  place; 
and  we  cannot  suppose  that  the  openitions 
of  this  powerful  agent  are  not  regulated  by 
the  same  determinate  laws  which  govern  tb« 
external  universe.  We  are  indeed  nnao- 
quainted  with  the  causes  by  which  its  activity 
is  directed  to  different  parts  of  the  earth- 
in  succession,  but  such  appears  to  be  tha' 
fact.  Now  we  have  only  to  admit  that  ther» 
Diav  be  a  certain  track  along  which  this  in- 
ternal fire  is  progressive  and  retrograde,  an(i 
we  shall  have  all  the  circumstances  requirett 
for  making  different  parts  of  the  earth  mag- 
netic in  succession,  and  producing  a  varia- 
tion of  magnetic  polaritVt  which  has  hither- 
to been  regarded  as  an  inexplicable  phiieno- 
oicnon. 
On  taldiiB  a  yiew  of  tfaenwesWMJfsloi 


and  obiiervin^  tbe  changes;  odiich  its  sarfiioer 
has  undergone,  it  is  scarcely  possible  for  the 
iaiagination  tx>  restrain  its  activity ;  we  are 
almost  irresistibly  led  to  speculate  respeetic^ 
its  past  and  future  condition  «  • 

All  geologists  are  agreed  ^imi  ^ne  fact,  that 
every  part  of  the  dry  land  bss  once  beoi 
covered  with  the  oceam  .It  is  also  dearly^ 
established,  that  many  genera  aad  species  ef 
quadrupeds  once  existmg  have^  disappeand 
from  the  earth.  Anotfaef  feet,  not  less  in? 
teresting,  appears  likewise  certain^  that  mt  the 
period  when  these  great  changes  took  fdaoa 
man  was  not  an  inhabitant  of  the  planet. 

A  state  of  things  so  dilFerent  from  what  we 
now  observe,  and  implying  such  long  periodfl 
of  past  duration,  we  find  it  difficult  toadmi^ 
notwithstanding  the  numerous  proofs  by  which 
it  is  supported.  Our.  ordinary  ideas*  of  tima 
are  regulated  by  those  revolutions  of  the 
earth  and  moon  that  are  completed  in  days, 
months,  or  years ;  but  there  are  other  revo*^ 
lutipns  which.requii^e  multifdied  ages  for  their 
accomplishment  >^-;though  t^e  poles  of  dba 
earth  are  sensibly  moving  round  the  poles 
of  the  ecliptic,  more  than  twenty-six  .  thoii# 
s^ud   years   must  elapse,  to  complete    one 

ecUptip 
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ecliptic  revolution  or  day.  This  is  not  a  mat- 
ter of  speculation,  but  a  well  known  fact. 
If  the  different  epochs  or  revolutions  in  which 
our  planet  was  reduced  from  a  chaotic  state 
to  its  present  habitable  form  be  measured  hj 
these  great  ecliptic  days,  sufficient  time  will 
be  allowed  for  the  various  changes  and  the 
different  succession  of  animals  which  tlie 
rocks  and  strata  that  environ  the  globe  pre- 
sent to  our  observation.  It  is  owing  to  th« 
finite  powers  of  human  comprehension  thai 
we  feel  any  difficulty  in  admitting  this  mode 
of  computation ;  for  we  arc  expressly  in- 
formed on  high  authority,  that  in  the  divine 
mind  "a  thousand  years  are  as  one  day," 

In  the  present  order  of  nature  we  obserrff  , 
that  animals  and   vegetables  advance  by  a' 
comparatively  slow  progression  to  maturity; 
such  appears  also  to  have  been  the  order  of  I 
nature  in  the  progression  of  our  planet  to  a 
tranquil  habitable   state.     What  various  re^ 
flections  crowd   upon  the  mind,  if  we  carry 
back  our  thoughts  to  the  time  when  the  whole  ' 
surtace  of  the  globe  was  agitated   bv  tumuh* 
tiious  and  conHicting  elements ;    or   to  the*  I 
sdcteeding  intervals  of  repose,  when  all  was*  | 
f'H  subsequent  J 


period,  when  the  deep  ftlence  of  ndtore  um 
broken  bj  the  beliowuigs  of  the  great  tm^ 
todon^  and  the  mammoth,  who  stalked  tbe 
lords  of  the  creation,  and  perished  in  the 
bst  grand  revolution  of  the  globe  befbi^  th 
formation  of  man !  These  difierent  stages  ef 
progression  in  our  planet  are  marked  by  the 
present  position  of  organic  remains.  Hie 
bones  of  the  mastodon  and  mammoth  att 
found  only  in  the  uppap  stmta  near  or  upoa 
the  surfoce ;  but  neither  in  these,  nor  in  any 
of  the  lower  strata,  ha?e  vestiges  of  ho* 
man  bones  been  discovered  ^f.  Thus,  irom 
natural  e^pearances,  from  the  Mossuc  hii* 


*  The  great  mastodon^  or  the  animal  whose  bones  ait 
found  in  North  America  near  the  Ohio,  differs  in  the  form 
of  its  teeth  from  the  Siberian  mammoth,  and  great  north- 
em  elephant.  In  the  jrear  1796  the  body  of  oni  of  At 
latter  was  detached  from  a  mass  of  ioe^  in  which  il  Imi 
probably  remained  some  tliousand  years.  The  fledb  was  UQ« 
decayed.  Beside  the  coarse  hair  on  the  skin,  there  was  t 
fine  do^vn  or  wool  underneath,  proving  incontestably  thui 
it  was  a  native  of  northern  diasatet^  and  belonged  l#  i 
race  now  extinct* 

f  I  do  not  consider  the  skdeton  at  Guaduloupe  ai 
forming  an  exception.  It  appears  to  have  been  imbedded 
in  loose  sand  on  the  coast,  which  has  been  snbseqnefitlf 
consolidated*  See  p«  20. 

toiy, 
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torr*  and  from  tradition,  we  nray  infer  that 
the  world  is  in  a  state  of  comparative  infancy, 
if  we  commence  our  computation  from  lint 
period  when  il  became  habitable  by  man. 
The  httle  progress  which  improvement  and 
civilization  hare  made  in  various  parts  of  thtt 
world  may  be  regarded  as  a  further  proof  of 
the  recent  origin  of  the  human  race.  What 
ages  may  elapse  before  another  great  revolu- 
tion of  the  globe  takes  place  it  would  be 
rash  to  inquire,  as  we  have  no  data  to  guide 
Dur  conjectures.  Some  of  its  coelestial  revo* 
lutions  are  not  accomplished  in  many  thou* 
aand  years ;  and  in  the  system  of  which  the 
earth  forms  a  part,  the  completion  of  a  gresit 
cycle,  in  which  all  the  planets  return  into 
the  same  relative  situations,  requires  ages  of 
duration,  that  to  our  limited  powers  appears 
like  eternity.  That  the  motion  of  the  earth 
in  the  heavens  has  any  connection  M'ilh  those 
internal  causes  which  produce  the  changes 
on  its  surface,  is  not  proved.  Such  a  con* 
nection  may  however  exist ;  and  it  is  possi- 
ble tliat,  if  we  are  ever  acquaiiued  with  a 
Ce  theory  of  the  earth,  we  shall  be  i 
ited  to  certun  facts  in  astronomy  for  t 
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Geologists  who  have  speculated  reapecti^ 
the  formation  of  the  globe  have  coDsiderai 
it  as  originally  in  a  fluid  state,  either  by  ^' 
agency  of  fire  or  water;  but  the  sino^ilnt 
form  of  matter  with  which  we  are  acquaiotti 
is  that  of  ga».  or  vapour.  .  Let  us  for  a 
moment  consider. the  elements  qf  which  dl 
terreBtrial  sabstances  are  composed,  as  ex« 
isting  in  this  simple  form  when  the  ^€U  of 
almighty  power  impressed  upon  the  whok 
the  various  affinities  by  which  they  coalesced^ 
and  formed  a  fluid  ^  or  solid  msss.  Durii^ 
their  union ,  intense  Ught  and  heat  would 
probably  be  evolved,  presenting  to  the  di- 
stant inhabitants  of  the  universe  the  ap- 
pearance of  a  star  of  great  brilliancy,  but 
of  short  duration.  Nor  are  foots  wanting  to 
warrant  this  hypothesis :  the  sudden  concre- 
tion of  stony  masses  in  the  atmosphere,  with 
the  intense  light  evolved  during  their  for- 
mation, may  be  analogous  to  the  production 
of  a  planet. 

'  It  is  well  known  to  astronomers,  that  new 
srtars  have  suddenly  appeared  with  a  bril- 
liancy exceeding  that  of  Jupiter.  These  stars 
were  stationary,  but  their  splendour  dimi- 
nished, and  in  a  few  years  was  extinct.   Sadi 

was 
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e  star  seen  by  Tyrho  Brahe  in  1572, 
and  by  Kepler  in  l604.  Nothing  like  them 
has  since  been  observed,  nor  has  any  ex* 
plaoation  that  I  know  of  ever  been  aitempted-. 
The  formation  of  a  new  planet,  by  the 
sudden  concretion  of  e;as  expanded  over  a 
vast  space,  offers  I  conceive  a  probable  so- 
lution of  the  phjenomenon.  Such  a  concre- 
tion miglit  produce  more  light  than  the  sun, 
or  any  of  the  fixt  stars ;  for,  wherever  chemi- 
cal combination  is  rapidly  taking  place,  light  ' 
and  heat  are  evolved.  It  would  not  be  diffi- 
cult to  pursue  such  speculations,  and  to 
imagine  this  concreted  matter  to  become 
cometary  or  planetary,  or  to  have  a  suo 
cession  of  beds  or  strata  produced  by  re-  ' 
peated  concretions  till  the  atmosphere  alone 
preserved  its  gaseous  state  ;  nor  would  it  rec 
quire  much  ingenuity  from  such  data  to  form 
a  theory  of  the  earth  as  consistent  with  ex-p 
isiing  appearances  as  anv  preceding  hypo- 
theses. In  the  present  state  of  geoiogicrtl 
science,  facts  are  more  wanted  than  specula- 
tions. Speculations  are  not  however  to  he 
considered  as  entirely  useless;  they  serve  to 
awaken  curiosity  and  stimulate  inquiry.  It 
^tos  also  been  regarded  by  the  wisest  of  phi- 
%  f  .  losopfaers 
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losophers  in  ancient  times,  as  a  presumptive 
proof  of  the  high  future  destiny  of  man, 
that  he  alone  of  iall  terrestrial  animals  is 
endowed  with  those  powers  and  faculties 
which  impel  him  to  speculate  on  the  past, 
to  anticipate  the  future,  and  to  extend  his 
views,  and  exalt  his  hopes  ^^  beyond  this 
visible  diurnal  sphere/' 
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CHAPTER  XVI. 

(faeries  and  Obse^xatious  relating  to  the  Forma* 
tion  of  the  superficial  Part  of  the  Globe. 

In  the  present  chapter  I  propose  to  oiTer 
ioine  remarks  and  queries  respecting  tha 
formatron  of  the  rocks  and  strata  that  com- 
pose the  superiicial  covering  of  the  globe» 
and  to  state  the  inferences  which  appear 
to  me  deducible  from  the  contemplation  of 
existing  phaenomena.  I  beg,  however,  to 
be  distinctly  understood  as  oiiering  theso 
observations  to  the  consideration  of  geolo- 
gists, without  any  desire  to  obtain  their  as* 
sent,  further  than  may  be  warranted  by  the 
evidence  of  facts,  or  by  rational  probability. 
Whatever  may  be  thoui^ht  of  the  queries 
here  proposed,  they  cannot,  I  trust,  preju^ 
dice  any  candid  mind  agains^t  the  preceding 
parts  of  the  volume.  Jf  philosophers,  in- 
stead of  fabricating  hypotiK3ses,  had  proposed 
their  speculations  in  the  form  of  queries^ 
in  imitation  of  Newton  (in  his  Optica  lib.  S),' 
they  would  have  rendered  a  more  essential 
service  to  science.     Thus  relieved  from  the 

2  f  2  labour 
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labour  of  defending  their  own  systems^  thejr 
would  have  been  more  free  to  follow  truth 
wherever  the  light  of  evidence  and  induction 
might  lead  them.  Many  important  dis- 
coveries might  have  been  anticipated,  which 
could  not  be  brought  forward  as  parts  of  a 
systevt^  because  the  connecting  links  in  the 
^\mn  of  discovery  were  still  wanting.  Such 
was^  the  anli<dptlion -of  the  inflammable 
iiieAure  of  the  ^ttamon^  hy  Newton  When 
afiy  science  is  just  advancing  ^beyond  its 
infant  state,  the  mode  of  proposing  our 
opinions,  in  the  form  of  queries,  is  most 
desirable;  and  I  trust  tiiis  will  be  a  sufficient 
ap^gy  for  adopting  it  in  the  following 
pfi^es. 

The  geologist  endeavours  to  make  himself 
acquainted  with  the  various  beds  and  strata 
that  form  the  crust  of  the  globe;  and,  if  pos- 
sible, to  discover  by  what  process  they 
ticere  formed,  as^  well  as  to  trace  the  changes 
they  have  subsequently  undergone.  The 
power  of  man  to  (penetrate  the  earth  is  very 
limited:  few  mines  have  been  sunk  to  so 
great  a  depth  as  five  hundred  yards;  yet  by 
the  fractures  and  dislocations  of  the  ^strata 
we  are  frequently  enabled  to  measure  their 

thickness 
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thickness  as  they  rise  in  succession  to  tlie 
surface  over  a  considerable  extent  of  country. 
But  the  regularity  of  rise  is  limited,  and  the 
strata  are  lost  as  we  proceed  further  or  incline 
in  an  opposite  direction,  so  that  the  greatest 
uggregate  thickness  that  has  been  any  where  4 
examined  does  not  perhaps  exceed  eight  1 
miles.  The  diameter  of  the  earth  is  nearly 
eight  thousand  miles,  to  which  the  depth  of 
surface  that  we  are  acquainted  with  bears  no 
greaterproportion  than  the  thicknessof  awafer 
to  the  diameter  of  a  three-feet  artificial  globe. 

Were  we   to  bear  these  facts  in  mind,   the  ^ 
fractures,   dislocations,  and   overturnings  of] 
rocks  and  strata,  and  even  the  up-heaving  of  1 
the    bed    of  the    ocean,    phenomena   which  [ 
appear  so  overwhelmning  to  the  imagination, 
sink  into  comparative  insignificance:  instead  \ 
of  being  astonished    at   these   changes, 
should    be   more    disposed    to    admire    the 
stability  of  nature,  in  preserving  the  incrus-  i 
tation  of   the  globe  so    perfect  amidst  the  1 
conflict  of  tumultuous  elements.  There  are  1 
few  leading  facts  in  geology,  which  we   may 
consider  as  clearly   ascertained    by  existing  ] 
phenomena.     Among  these  we  may  eDum^- 
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rate,  1st,  That  the  present  continents  trerc 
once  covered  by  water.  2nd,  That  the  strata 
in  which  organic  remains  occur,  were  formed 
in  succession  over  each  other.  3d,  That 
every  regular  stratum  was  once  the  uppermost 
part  oF*  the  globe.  Let  us  further  inquire, 
Wfheth^r  tiiere  remain  any  appearances  in 
nature  that  may  indicate  in  what  manner 
these  strata  were  formed,  or  the  source  from 
whence  the*  matter  of  wfaicb  tbey  are  oorop^ 
posed  was  evolved.  The  two  great  agents 
in  the  decomposition  and  formation  of  mineral 
mbstances,  either  artificially  or  in  nature, 
iEire  water  and  fire:  any  theory  which  should 
exclude  the  agency  of  either  from  the  formar 
tion  of  the  crust  of  the  globe  would  be 
manifestly  defective. 

The  numerous  volcanoes  scattered  over  the 
^lobe  abundantly  prove  the  existence  of  fire 
in  th()  deep  recesses  of  the  earth.  During  a 
former  state  of  our  planet,  this  internal  fire 
must  have  been  more  intense  than  since  the 
records  of  authentic  history.  This  is  shown 
by  the  remains  of  mighty  volcanic  craters, 
which  far  exceed  any  that  are  active  at  the 
present  time  J  for,    the  craters  themselves 

being 
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being    formed   by  the  eruption  of  volcanic 
matter^  their  size  bears  evidence  to  the  laag^  I 
nitude  of  tlieir  former  operations. 

It  is  natural  to  inquire  what  part  these  tre«.  J 
mendous  agents  have  performed    in  the  occo* 
nomv    of   nature :    Are  they  accidental    ap* 
pendages,   or  essential  parts  of  the  terrestrial  I 
system  :'     The   geologists    who   exclude  tb^  | 
agency  of  fire  from   tlie  formation  of  rocksj,  ] 
seem   to   forget   that    the   only  instances  w»  ( 
have  oi'  actual  rock  formations  are  volcanic;  i 
beds  and  strata  more  than  thirty  mile»  if|  I 
length,and  of  considerable  breadth  and  thick* 
ness,  have  been  spread  over  the  surface  of  tbuK 
globe  111   our  own  times:  and  according   to 
Mr.  Humboldt,  the  further  buck  we  trace  these 
eruptions,  the  greater  is  the   similarity   be- 
tween  the   currents  of  lava  and  those  rock« 
M-hich   are  considered    by  geologists  as  the 
most  ancient.    The  enormous  volcanoes  whose 
craters  are    many    leagues    in    extent    had 
doubtless   an    important   office    to    perform 
in  nature :  and    can  it    be    unreasonable   to 
believe    that    the  earth    itself   is   the    great 
laboratory    and    storehouse   where   the  ma^ 
terials  that  form   its   surface  were  prepared, 
and  from  whence  tUcy  were  thrown  out  upon 

the 
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the  surface  in  an  igneous^  aqueous,  or  ga« 
aeous  state,  either  as  melted  lava,  or  in  aque^ 
ous  solution,  or  in  mechanical  admixture 
with  water  in  the  form  of  mud,  or  in  the 
Gomminuted  state  of  powder  or  sand  P  In« 
flammable  and  more  jirolatile  substances  may 
have  been  emitted  in  a  gaseous  state,  and 
become  concrete  on  the  surface. 

.  These  primeval  eruptions,  judging  from 
the  size  of  the  ancient  craters,  may  have  been 
sufficient  to  cover  a  large  portion  of  the 
globe.  Nor  can  it  be  deemed  improbable 
that  still  larger  and  more  ancient  craters  have 
been  entirely  covered  by  succeeding  erup*^ 
tions.  In  proportion  as  the  formation  of 
the  surface  advanced,  these  eruptions  might 
decline,  and,  when  their  office  was  performed, 
might  finaHy  cease. 

It  is  not  necessary  to  suppose  that  these  sub* 
terranean  eruptions  consisted  only  of  lava  in 
a  state  of  fusion.  The  largest  active  volcanoes 
at  present  existing,  throw  out  the  different 
earths  intermixed  with  water  in  the  form  of 
mud«  Nor  should  we  limit  the  eruptions  of 
earthy  matti^r  in  solution  or  suspension  to  the 
l^nown  volcanic  craters :  the  vast  fissures  or 
rents  which  intersect  the  different  rocks  may 

have 
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hare  served  for  the  passage  of  ihe  subterra- 
nean  matter   rising  to  the  surface.      Silex  OP 
(]Uartz,   either  pure    or  combined  with  other' 
earths,  constitutes  two  ihirdsof  the  crust  of' 
the  globe  ;  and  the  veins  which  intersect  the 
lowest  granitic  and  schistose  rocks  are  most 
frequently  filled  with  this  mineral.     Whether' 
the   elementary    parts   of    mIcx    are    easily- 
soluble  in  water,  or  fusible  by  fire,  we  have 
yet  to  learn  :  but  we  know  there  are  natural '  j 
processes   by  which   its  solution   is  eOt-cted,- - 
and   may  not  the  strata  of  crystalline  sand-  ' 
stone  have  been  formed  from  these  solutions  ?*  1 
Culcareous  or  cretaceous  matter  is  also  ejected"  'I 
during   aqueous  eruptions.     (See   page  317. )"' 
The  beds  of  liuie-sLone  iniiy  have  been  formed  '  I 
by  similarcalcareous eruptions;  andthenume- 
rous  remains  of  shell-fish  in  lime-stone  might  * 
appear  to   indicate  that  the  calcareous  solu-  ' 
tions    were    favourable     to    the   growth    of* 
animals  whose   coverings  contain    so   much  ' 
calcareous    matter.     Nor   is    it  necessary  to 
suppose  that    these  aqueous  eruptions    were  ■ 
always   sudden,    and   attended  with    violent'' 
convulsions ;  for,   when    a  passage  was  once  ' 
opened,  they  may  have  risen  slowly  and  been  J 
diffusudinatfaoquil  atate,   and  by  gradual  ' 
condctualioii 
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condensation  may  have  enveloped  the  most 
delicate  animals  or  vegetables  without  in* 
juiing  their  external  form. 

The  long  intervals  of  repose  between  the 
great  igneous  volcanic  eruptions  may  have 
allowed  time  for  the.  growth  and  decay 
of  animals  whose  remains  are  found  in  dif- 
ferent strata ;  whilst  the  formation  of  other 
strata  may  have  taken  place,  under  circum« 
stances  incompatible  with  organic  existence: 
and  accordingly  we  find  in  the  rocks  most 
abounding  with  organic  remains,  certain 
strata  in  which  they  never  or  rarely  occun 
The  same  agent  which  enveloped  living 
animals  in  mineral  matter  without  injuring 
their  external  form,  appears  in  some  in- 
stances  to  have  immediately  arrested  the  func- 
tions of  vitality.  Petrified  fish  have  .been 
discovered  in  solid  rocks  in  the  very  attitude 
of  seizing  and  swallowing  their  prey»  A  sudf 
den  eruption  of  a  hot  fluid  saturated  with 
the  different  earths  (or  the  elements  of  which 
these  earths  are  formed)  might  destroy  in 
a  moment  the  unimals  previously  existingt 
and '  form  round  them  a  siliceous  or  calf 
•  eareotts  incrustation  which  would  protect  tfaeif 
remains  from  furthec  destruction.  . 
.       .  Ages 
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■  Ages  of  tranquillity  mij^ht  elapse  in  tlio 
interval  of  different  eruptions,  and  beds  of 
gravel  and  breccia  be  formed  by  the  gra- 
dual disintegration  of  the  higher  parts  of 
the  earth.  These  beds  might  be  afterwards 
covered  by,  or  intermixt  with,  the  crystalline 
beds  from  subsequent  eruptions ;  and  may 
we  not  in  this  manner  explain  the  alternation 
or  intermixture  of  crystalline  rocks  with 
those  of  mechanical  formation?  Dislocations 
of  the  strata  by  e!irth<iUKkes  and  other  causes 
might  also  take  place  between  the  periods  of 
ditierenl  formations,  in  which  case  the  upper  , 
beda  would  rest  on  the  subjacent  ones  in  au 
unconformable  position. 

As  lire  strata  which  cover  each  other  are. 
often  composed  of  very  diflereat  mineral 
substances,  may  we  not  infer  that  the 
successive  ancient  eruptions,'  whether  ign^ 
ous  or  aqueous*  contained  ditfcrent  clei* 
mentary  parts?  At  the  present  day,  the 
lavas  of  succeeding  eruptions  even  from  the 
same  crater  differ  both  in  external  character 
and  constituent  parts.  Hence  we  may  es» 
plain  the  formation  of  strata  of  frou-stonft  I 
and  beds  of  other  metalUc  ores  alternating  4 

witb  earthy  Mtrata;  uod  wo  can  have  httlc 
difficuhy 
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difficulty  in  the  admission,  as  it  is  now 
known  that  the  bases  of  the  earthy^  strata 
are  also  metallic.  ^Two  or  more  mineral 
substances  may  in  some  instances  have  been 
contained  in  the  same  fluid,  and  separated  into 
different  masses  or  strata  by  the  laws  of 
chemical  affinity:  but  it  seems  exceedingly 
difficult  to  admit,  with  the  Neptunian  geo- 
logists, that  all  the  substances  which  compose 
rocks  and  strata  were  coexistent  in  the  same 
fluid,  and  that  this  fluid  after  it  had  deposited 
only  a  small  part  of  its  contents  was  capaUe 
of  supporting  animal  life. 
•  The  succession  of  aqueous  and  igneoos 
eruptions  would  account  for  the  altematiOD 
of  volcanic  rocks  with  others  of  aquatic 
formation.  The  occurrence  oE  obsidian  and 
basalt  with  clay  and  .  sand-stone  may  be 
l^arts  of  the  ^me  series  of  phs&nomena ;  and 
thus*  the  two  opposing  systems  of  Werner 
and  Hutton  may  iboth  be  true  to  a  certaia 
extent,  and  agree  with  existing  facts..  Hor« 
ever  vast  these  operations  may  appear,  thej 
•ink  I  into  insignificance,  compared  with  the 
bulk  of  our  pkinet  itself^-  If  a  three*feet 
globe  were  to  contain  within  it  a  fhiid  capa- 
ble of  acquiring  consistence  by  exposure 

to 
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» the  air,  and  were  this  fluid  from  time  to 
time  to  exude  tlirough  minute  cracks  or 
punctures,  and  form  over  different  parts  of  the 
surface  successive  coats  of  varnish  whose 
aggregate  thickness  was  less  than  that  of  a 
wafer,  this  would  be  a  greater  change  with 
respect  to  the  artificial  globe,  tlian  tlie  forma- 
tion of  all  the  rocks  and  strata  with  respect 
to  the  earth.  And  the  numerous  dislocations 
and  fractures,  by  subsidence  or  other  causes, 
are  no  more  in  comparison  to  the  magnitude 
of  the  earth,  than  the  cracks  or  inequalities 
of  this  superficial  varnish  would  be  to  a 
globe  of  that  diameter, 

I  have  already  stated  my  opinion  *,  that  all 
the  secondary  strata  are  local  formations  ori- 
ginally deposited  in  detached  lakes,  which 
have  covered  part  of  our  present  continents 
when  the  sea  began  to  retire;  for  the  ineqiia- 
lities  of  the  surface  must  have  been  greater 
before  the  deposition  of  the  upper  strata  had 
filled  up  the  lower  concavities.  In  proportion 
to  the  quantity  of  matter  thrown  from  the 
interior  of  the  earth  might  be  the  subsiden**  , 
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af  the  surface  in  other  parts ;  and  as '  the 
waters  retired  further  from  our  preaent  cdnb* 
neutS)  the  size  of  the  lakes  which  then  covered 
them  womM  be  diminished  ;  but  their  pumber 
would  be  increased,  and  also  the  number  tl 
local,   or  independent,  formations  of  strata. 
Similar  causes  still  continuing   to  operate  in 
different  situations,  might  produce  generel 
features  of  agreirment  amidst  the.diversity  of 
rock  formations  which  were  taking  piace«  Nov 
this  is  precisely  what  we  observe  in  comparing 
the  succession  of  rocks  in  distaut  qoiuitrifs. 
We  have  no  sufficient  reason  to  believe  that 
those  rocks   which    are  called  priknitivet  in 
reality  the  original  coat  of  the  oucleiis  of 
our  planet,  nor  that   the   similar    rocks  of 
distant   regions  are   contemporaneous;    tbe 
great  diversity  which  prevails  both  in  their 
order  of  succession  and  composition  appears  to 
oppose  the  theory  of  universal  formations, 
there  being  no  two  countries  in  which  the  or* 
der  of  succession  is  found  to  agree ;  and  a 
recent  examination,  by  Raumer^  of  tbo  v^ry 
district  in  which  the  Professor  of  Freybur|; 
laid  down  the  law  of  succession  for  the  whole 

m  * 

globe,  is  said  to  have  shown  that  Weroer's 

descriptions 
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ript'ions  do  not  even  agree  with  tlie 
actual  order  of  succession  in  which  the 
rocks  of  that  district  are  arranged. 

Gi^nite,  porphyry,  sienite,  green-stone  and 
basalt  pass  by  f^uch  insensible  gradations  into 
each  other,  and  into  rocks  known  to  be  vol- 
canic, that  the  probability  of  their  liavjng  a 
similar  origin  cun  scarcely  be  denied.  And  if 
the  internal  fires  that  have  acted  succesaively 
on  the  surface  of  the  globe  were  of  vast  ex- 
tent, as  the  remaining  craters  indicate,  they 
may  also  in  numerous  instances  have  melted 
or  softened  pre-existing  rocks  and  strata,  and 
occasioned  the  bending  and  contortions  of 
the  strata,  and  other  phxnoroena  on  which 
the  theory  of  Dr.  Hutton  was  founded.  Tha 
defect  of  that  theory  consists,  I  conceive,  in 
extending  the  operation  of  this  cause  further 
than  existing  appearances  will  support. 

Were  we  to  admit  that  rocks  iirc  local  foi^ 
nialions  produced  by  successive  igneous  and 
aqueous  eruptionf  forced  througli  craters  and 
fissures  of  the  surface,  these,  with  subsequent 
elevations  and  subsidences  of  the  surface, 
might  be  sufficient  to  explain  all  the  \arious 
ph:enomena  which  the  position,  contortion, 
»iCcession,  and  alternation  of  rocks  and 
strata 
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#trata  present  to  oAr  notice.     In  some  situa- 
tions granite  mountains  are  covered  with  a 
series  of  schistose  rocks,  to  which  succeeds 
the  mountain  lime-stone,  and  on  this  aK  laid 
the  sand*stones  of  the  coal  formation.     In 
other  instances  these  sand-stones  rest  imme^ 
diately  on  granite,  without  the  intervention  of 
schistose  rocks.    Here  then  we  may  suppose 
that  no  eruptions  of  matter  took  place  be- 
tween the  formation  of  the  granite  and  tbe 
sand-stone;  while  in  other  situations  a  succes- 
sion of   formations  had   produced    all   the 
intermediate  rocks.     In  some  countries  the 
eruption  of  matter  which  formed  granite,  after 
ceasing  for  ages  had  again  taken  place,  and 
thus   sometimes  we    find    granite    covering 
rocks  to  which  it  is  most  frequently  subjacent. 
To  a  like  cause   may  we  ascribe   the  occa? 
sional  appearance  of   beds    similar    to  the 
lower  rocks  alternating  with  or  appearing  in 
the  upper  strata.     The-  siliceous  and  calcare- 
ous solutions  in  a  state  of  tranquillity  might 
also  envelop  the  fragments  and  sand  from 
pre*existing   rocks,    and  form   the   various 
breccias  and  aggregated  sand-stones.    Saline 
and  bituminous  matter  may  also  have  been 
thrown  up  in  detached  lakes,  and  aubsequendy 

consolidated, 
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eonsolidated,  as  in  the  pitch-lake  in  the  Island 
of  Trinidad.  The  local  formation  of  bed« 
of  trap  alternating  with  other  rocks  has  be* 
fore  been  alluded  to,  and  the  gradiiatiort  of 
basalt  into  clay,  or  sand,  will  be  consistent 
with  this  mode  of  formation.  Many  of  the 
aolutions  containing  terrene  matter  might  be 
erupted  at  a  boiling  temperature,  like  the 
siliceous  water  thrown  out  of  the  hot  springs 
in  Iceland,  and  on  cooling  they  might  deposit 
their  contents,  the  matter  from  each  eruptiOQ 
forming  a  separate  layer  or  stratum*. 

In  some  parts  of  the  earth  the  quantity  at  i 
matter  thrown  out  during  one  eruption  may  ; 
have  been  sufliciently  great  to  admit  the  cry* 
stallization  of  whole  groups  of  mountains.   la 
other  instances  it  may  have  been  so  widely 
diffused  as  to   form  very  thiri  strata.     And, 


■'  To  compare  great  things  with  small,  there  is  iin  ana- 
lagotin  formation  tnking  jilat-e  every  day  in  the  diimiieJs 
H'hmh  receive  the  boiling  waters  frnm  so»ie  of  the  steum-  ~ 
engines  in  the  county  of  Durliam.  This  water  oontaim  » 
large  quantity  of  earthy  matter  which  is  depo^ili-d  every 
day,  except  Sunday,  in  repUr  layen  that  may  be  di- 
stinctly counted,  with  a  marked  line  for  the  interval  of 
TCpoae  on  Sunday,  betweon  each  week's  fnrniation  :  hcnott 
the  stone  got  out  of  thew  channels  has  received  from  lli» 
founti^  peojile  the  oaine  of  Sundajf  stone. 

2  G  here 
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here  it  may  be  proper  to  .remark^  thatdtf« 
ferent  beds  and  strata  are  not  arranged  in  na^ 
tui^in  the  order  of  their  specific  gravity;  the 
lowest  are  not  always  the  heaviest,  neither  are 
they  arranged  according  to  their  more  perfect 
crystaUization ;  for,  though  generally  the 
lower  rocks  are  more  crystalline  than  the  up* 
per,  we  not  imfrequently  find  some  of  the 
upper  strata  more  perfectly  crystalline  thaa 
the  subjacent  rocks.  Now  if  the  matter  of 
which  the  upper  and  lower  rocks  are  formed 
had  been  co-existent  in  the  same  fluid  me* 
dium,  one  or  other  of  the  above  effects  must 
have  taken  place ;  but  if  each  stratum  were 
formed  by  a  separate  erdption  and  deposition, 
they  might  vary  both  in  specific  gravity  and 
degrees  of  crystallization,  without  any  regard 
to  the  order  in  which  they  were  deposited*. 


*  By  considering  each  stratum  as  a  local  formation,  we 
arc  relieved  from  the  difficulty  of  accounting  for  the  disap- 
pearance of  the  vast  beds  of  sand-stone  and  chalk,  with  all 
the  upper  strata,  in  countries  where  they  are  not  found  al 
present.  Could  we  be  presented  with  an  accurate  delinea- 
tion of  the  elevations  and  depressions  of  the  earth's  surface, 
sufficient  vestiges  of  its  ancient  physical  geography  might 
still  remain  to  enable  us  to  trace  some  of  the  great  basins, 
or  lakes^  in  which  the  separate  formations  of  the  upper 
strata  took  place* 

111 
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In  endeavouring  to  trace  the  causes  of  very, 
complicated  phacnomena,  those  explanations 
are  to  be  preferred  which  upply  to  the  greatest^ 
number  of  cases,  and  are  consonant  with  ex*, 
isting  or  analogous  facts.     Now  I  conceiva, 
that  the  alternation  of  aqueous  and  igneou^  ^ 
eruptions  oilers  a  raore  satisfactory  explanar-. 
tion  of  the  formation  of  rocks  than  any  thal^ 
1  am  acquainted  with.     At  the  same  time  it 
assigns  an  office  to  the  immense  craters  an^  , 
fractures  which  have  once  perforated  or  intei*^  i 
sected  the  globe. 

It  is  an  acknowledged  maxim,  that  NaturOj^ 
or  to  speak  more  correctly  its  divine  Author, 
does   nothing    in   vain ;    and    can  we    sup- 
pose that  the  interior  part  of  the  earth  is  con^  , 
structed  with  less  skill  tlian  what  we  observg  J 
in  the  organization  of  the  simplest  animal  of  ' 
vegetable  ?  Or,  when  we  contemplate  our  pla- 
net pursuing  its  trackless  path  through  the 
heavens  with  unerring  precision,  can  we  be- 
lieve that  its  internal  motions  are  not  governed 
by  determined  laws  destined  to  answer   the 
most  important  purposes  in  the  ceconomy  of 
pature  ? 
I  Though  I  am  inchned  to  regard  the  expla- 
jBtion  here   offered    respecting   rock   fonna- 
U  G  2  tio.is 
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fions  as  consonant  with  existing  facts,  and  as 
reconciling  the  phaenomena  of  aqueous  and 
Igneous  products  alternating  with  or  gra- 
duating into  each  other, — facts  that  appear  so 
contradictory  to  the  theories  hitherto  ad- 
vanced,— I  would,  however,  willingly  adopt 
any  other  explanation  that  may  afford  a 
more  satisfactory  solution.  —  The  Roman 
Poet,  after  conducting  his  hero  through 
the  subterranean  abodes,  dismisses  him 
through  the  Ivory  Gate  * :  and  should  my 
readers  infer  from  these  speculations  re- 
specting the  subterranean  operations  of 
nature,  that  I  take  my  leave  of  them  in 
the  same  manner,  it  will  neither  cause  dis- 
appointment nor  excite  displeasure.  Era- 
barked  with  them  in  a  voyage  of  discovery, 
I  shall  gladly  hail  the  signal  for  the  appear- 
ance of  solid  ground,  whoever  the  fortunate 
discoverer  may  be. 


*  i£ii.  lib.  vi. 


THE 


THE  AUTHOR'S  NOTICE  TO  LANDED  PROPRIETORS. 

Jm  a.  Bake  well  informs  those  aoblemen  and  gentlenen  who 
may  honour  this  volume  with  their  perusal,  that  he  undertakes 
the  mineralogical  examination  of  estates  to  ascertain  the  true 
nature  and  qualities  of  the  soil,  stone,  and  various  minerals  or 
metallic  ores,  and  the  uses  to  which  they  may  be  most  profita- 
bly applied ;  also  to  point  out  the  means  of  general  improve- 
ment. A  manuscript  description  and  statistical  account  of  the 
estate  with  explanatory  outlines  and  sections  will  be  given,  ar- 
ranged in  such  a  manner  that  it  may  at  any  time  be  coasulted 
as  a  book  of  reference  when  information  is  wanted  respecting 
the  property.  Such  a  description  will  prove  particularly  useful 
to  landed  proprietors  who  have  large  or  distant  domains,  by 
enabling  them  to  form  a  correct  view  of  the  nature  and  value  of 
their  estates ;  it  will  also  comprise  an  account  of  whatever  may 
be- deemed  interesting  as  objects  of  curkwity,  natural  history, 
or  science,  as  well  as  those  of  profitable  research. 

An  examination  and  description  of  estates  upon  the  above 
plan  is  new ;  but  its  utility  is  obvious,  and  Mr.  Bakewell  can 
give  references  of  the  highest  respectability  where  he  has  been 
employed.  The  expense  must  be  regulated  by  the  nature  and 
extent  of  the  estate ;  and  it  is  believed  that  the  terms  will  be 
found  in  all  cases  very  moderate,  compared  with  the  benefits 
to  be  derived  from  such  an  examination.  To  remove  any  ob- 
jection on  this  head,  the  amount  of  the  charge  may  be  pre- 
viously specified  for  the  execution  of  the  whole  or  anj  part  of 
this  undertaking. 

When  in  town  Mr.  Bakewell  gives  private  instruction  to 
direct  gentlemen  in  a  course  of  experimental  researches  on 
agricultural  chemistry,  mineralogy,  and  other  subjects  o( 
science  connected  with  his  pursuits. 

Letters  free  of  postage  addressed  to  Mr.  Bakewell ,  13, 
Tavistock  Street,  Bedford  Square,  London ;  or  left  for  him 
at  Mr  Harding's,  36,  St.  Jameses  Street,  will  be  duly  at- 
tended to. 
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Note  on  page  5. 

The  absolute  quantity  of  matter,  or  density  of  tht 
earthy  Besides  the  observations  to  ascertain  the  density 
of  the  earth  by  Dr.  Maskelyne  and  Dr.'  Hntton^  a  very  m- 
genioUs  instrument  was  invented  by  the  Rev,  J,  Mit^heD 
to  determine  this  important  problem.  He  did  not  Eve  ta 
carry  it  into  effect ;  but  it  w&s  afterwards  executed  by  Mr. 
Cavendish.     See  Phil.  Trans.  1792,  part  ii. 

Doctors  Maskelyne  and  Hutlon  estimated  the  specific 
gravity  of  the  stones  forming  the  momitain  Scheballien 
below  their  true  ave^ag^  weight  a:^  determined  by  experi- 
ment, when  this  error  was  corrected  by  Professor  Play- 
fair.  The  result  by  the  two  methods  may  be  said  nearly  to 
correspond.  Dr.  Maskelyne  making  the  density  of  the  earth 
abou^  5,  and  Mr.  Cavendish  &.48. 

Note  on  page  15. 

The  bones  of  the  Mastodon,  Hippopotamus^  and  other 
quadrupeds  found  in  England  have  generally  been  in  low 
situations  and  in  alluvial  ground.  We  have  no  regular 
strata  cont^ning  fossil  remains  of  quadrupeds  like  those  in 
the  gypsum  quarries  near  Paris. 

Note  on  page  20. 

The  sand->6tone  which  contained  the  imbedded  female 
skeleton  from  Guadaloupi^  was  obse^ed  by  the  workm4Mi 

who 
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Wbo  chiMlletl  away  part  of  the  stone,  to  be  considernbly 
harder  where  il  was  contiguous  to  the  bone.  A  smiilat  1 
variation  in  the  hardness  of  stone,  in  the  immediate  con*d 
tiguity  of  organic  remains,  may  be  observed  in  the  aluiii  J 
rocks  at  Whitby,  ami  in  various  ottier  situations :  i 
probably  occasioned  by  the  animal  matter  intermixed  v/iik  1 
the  (tone. 

Nole  on  page  30. 
Slrali^ed  rocks  formed  by  the  motion  of  water  ^  Sonjj;] 
of  the  strata  are  evidently  of  mechanical  formation,  coa* 
taining  rounded  pebbles  and  water-wornfragmcntsof  stonej  J 
but  many  of  the  strata  called  secondary  are  crystalline,  axA  I 
caunot  be  considered  as  mechanical  depotitions. 


i 


V'  Note  on  page  44, 

^The  chsaification  of  simple  miiicrah  into  families,  cotrf- 
prUing  in  each  the  subntoncea  most  nearly  allied,  uppeoA  I 
to  be  the  arrangement  best  suited  to  assist  the  memofV  J 
of  the  student.  It  han  been  very  judicioiul)'  adi>pted  by  I 
Mr.  Kccnig  in  the  collection  of  minerals  exhibited  at  thh  j 
ritish  Museum. 


Note  on  page  III. 
Red  sand-stone.)  The  followers  of  Werner  designat* 
what  they  call  the  first  of  the  floctz  rock<  the  "  old  red 
nand'Stone."  The  colour  of  rocks  is  a  very  imperfect  di- 
stinctive character.  In  all  formnlions  of  sand-stone  there 
are  coloured  strata  red,  and  some  of  the  beds  in  the  red 
sand-stone  arc  a  light  brown  or  gray.  The  red  sand-stone 
which  ilretehcsi  along  tlie  western  side  of  England  in  many 

Kits  agrees  »'iti]  ilic  icd  mui d -stone cf  Wcmer  confining 
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gypsuoi"^ — there  are,  however,  many  b«b  of  re^*  i 
ttoiie,  part  of  the  regular  coal  strata  of  Lancashire. 

On  the  authority  of  Mr.Westgarth  Forster,  and  otben, 
ftoin  whom  I  have  made  particular  inquiry,  I  have  stated 
that  the  metalliferous  lime-stoHe  of  Northumberland  and 
Durham  rests  on  the  r«d  saiid'Stoue.  I  have  never  sefD 
their  junction  in  the  northern  counties,  and  I  am  atUI  io- 
clined  to  doubt  whether  this  sand-stone  be  really 6ul)j ace nt  to 
lime-stone.  In  the  first  edition,  and  in  a  paper  ou  the  Brad- 
ford coal-field*,  I  intimated  the  probability  that  the  red 
sand-stone  might  liave  been  formed  from  the  debris  of  the 
thick  beds  of  sand-atone  that  lie  above  the  metalliferous  lime- 
ittone,  and  had  once  extended  furtherwest.  This  rock  alwap 
occurs  at  a  low  comparative  level,  which  adds  probab^ty 
tn  the  opinion  that  it  may  lie  at  the  feet  of  the  western 
hills  ill  an  uuconformalile  position,  instead  of  rising  from 
under  them  aa  a  regular  lower  stratum.  There  are  how- 
ever beds  of  sand -stone,  which  are  sometimes  red, 
both  under  metalliferous  lime-stone  and  coarse  slate:— an 
instance  of  their  jimction  is  stated  p.  388.  1  consider  the 
real  position  of  this  rock  as  more  uncertain  than  that  of 
any  other  considerable  rock  formation  in  England. 

Mr.  Farey,  in  his  Derbyshire,  mentions  the  red  marie 
on  the  eastern  side  of  England  as  the  same  with  the  red 
sand-stone  ou  the  west,  and  describes  it  as  n  stratum  abort 
the  coal  measures.  He  has  recently  adopted  the  opinioo 
that  the  red  marie  is  general) v  laid  in  an  unconformable 
Biaoner  over  the  edges  of  the  strata  beneath,  and  that  ii 
.occurs  cohering  both  coal  and  the  rocks  subjacent  to  coal 
;  Urata.  If  the  red  marie  in  NottinghamshirCj  and  the  red 
.  tand-stoue  in  Cheshire,  were  both  regular  strata,  it  would 
.  be  impossible,  I  conceive,  to  admit  their  identity ;  but  il^ 
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tliey  are  unronfbrmaLle  depositions,  there  caii  be  no  ob- 
jection to  tliit  admission,  provided  tbat  their  other  featuras 
of  resemblance  «.-arraiit  the  conclusion.     Tliere  are  qunrtr 
pebbles  in  some  of  the  aand-stoncs  of  Cheshire,  simiW  J 
to  liiose  in  the  sand-stone  rock  on  which  Nottingham  and  t 
the  castle  are  buiit. 


i 


Note  oa  page  \G9. 
On  the  banis  of  the  river  Miitottri.']  From  the  TravelB  I 
of  Cajilains  Lewis  mid  Clark  it  diet  not  appear  that  thera  | 
is  sufficient  evidence  for  the  existeiK.'e  of  the  chain  of  moiin* 
tuns  of  rock  salt  here  alluded  to.     Theite  travellers  mei>>  ] 
tion  a  vast  extent  of  country  beyond  the  Missouri  covci 
Jn  part  with  «alt  lying  on  the  ground  like  snow. 


■  Nate  on  pdfe  212. 

There  appear  to  be  processed)  in  nature  by  which  flint  it 
forming  at  the  present  time.     In<tancci  are  on  record  of  ] 
coins  found   in   flints,     (Kinvnn*s  Geological  Eswys.)-^  I 
The  following  circumstance  tvas  obligingly  comnmnicated  i 
when  the  first  edition  of  this  work  was  in  the  press : 
"  In  1791,  200  yards  north  of  the  ranipart»  of  Hamburgh,  j 
in  a  sandy  toil,  Mr.  Licsky>  of  that  city,  picked  up  a  flint,  \ 
and  knocking  it  against  another  to  obtain  a  piece  £n  | 
striking  a  light,  he  broke  it  in  two.     In  the  centre  of  tlW  J 
fracture  he  observed  an  antient  brass  pin ;  and  on  picking 
np  the  other  half  he  found  the  corresponding  mould  of  the 
ptit  fto  laid  bare :  he  presented  them  to  Thomo.^  Blacker, 
£s<{.  in  whose  pusiession  they  now  arc,  and  who  has  shown 
litem  to  the  writer  of  ibis  paper. 

"  Surry  Institution,  Kshiiit  Spbnceb." 

We  are  not  able  by  artiflcial  means  to  di^<olve  sites  ia 
bur  from  the  lillreous  earth  held  in  jolulian  by  the 
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hot  waters  of  Bath^  and  still  more  abundantly  by  the  Iwi)* 
ing  waters  of  Iceland^  we  know  that  nature  has  the  power 
of  cflfecting  it  by  some  unknown  process.  Whether  the 
earths  are  convertible  into  each  other  by  natural  procesaeti 
we  cannot  ascertain ;  but  as  they  are  known  to  consist  of 
oxygen  combined  with  metallic  bases,  and  these  bases  are 
supposed  to  be  compounds  of  simpler  elements^  it  do^ 
not  appear  improbable  that  this  change  may  take  place: 
could  the  fact  be  established ,  many  anomalous  appearances 
in  the  mineral  kingdom  would  admit  of  an  easy  te)cplana- 
tion.  From  the  qualities  of  barytes  and  the  alkaline  earths^ 
Lavoisier  was  induced  to  believe  that  they  are  metallic 
oxyds.  In  the  year  1805,  an  opinion  of  Mr.  Joseph  Hume 
was  advanced  in  Mr.  Parkes's  Chemical  Catechism,  that 
silex  is  chiefly  composed  of  oxygen.  In  the  33d  vofaime  of 
the  Philosophical  Magazine  Mr.  Hume,  with  much  inge- 
nuity of  argument,  and  by  a  statement  of  various  facts^  en** 
deavoured  to  prove  that  silex,  in  its  combinations  with 
other  substances,  acts  either  as  oxygen  or  as  a  powerful 
acid.  In  the  imion  of  silex  with  the  alkalies  to  form  glass, 
we  have,  he  observes,  a  striking  example  of  its  action  as  an 
acidifjing  principle. 

Berzelius  in  his  Mineralogy  has  recently  adopted  the  same 
views  respecting  the  action  of  silex  in  its  unibn  with  mineral 
substances,  and  denominates  such  combinations  siliciates. 

Tlie  discoveries  of  Sir  H.  Davy  have  proved  that  oxy- 
gen is  a  constituent  part  of  the  earths  and  alkalies,  and 
cannot  fail  eventuallv  to  elucidate  some  of  the  most  im* 
portant  questions  in  geology. 

Note  on  page  292* 

The  zoophytes  in  tlie  lower  beds  could  not  le  livir^  and 
co-existent  luilh  the  slieUJish  in  the  upper  strata*  Itis  not 

here 
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here  lutended  to  express  an))  opioion  respecting  the  prio- 
rity of  one  species  of  aiiimaLt  to  another;  for  in  fact  th«    i 
upper  beds  of  lime-stone  in  Dcrbj-shire  are  filled  with,  en-i 
crinites.     What  is  contended  for,  is  merely  that  the  lowev. 
animals  must  have  existed  in  a  Irving  state  long  before  thft   ' 
formation  of  the  npper  strata  by  which  they  are  covered^ 
that  contain  animals  of  other  species.     We  cannot  surelf  J 
admit   for   a   moment   that    marine  animals    could   live 
and  propagate  buried  in  and  under   solid   rocks ;  yet  Wt 
must  admit  this  absurdity  if  we  agree  with  Profvssor  Jame- 
son, that  the  upper  and  lower  IkhIs  of  metaihrerous  )i[n&- 
stone  in    Derbyshire  were  cotemporaneous.     An  opinicni   ' 
was  lately  advanced  by  a  German  professor,    that   tha 
fossil  remains  in  rocks  are  not  in  reality  the  relics  of  hving 
animals,  but  tlie  first  crude  and  imperfect  efforts  of  nature 
to  create  organized  forms !  anil  some  recent  attetnpts  have 
been  made  in  this  country  to  prove  that  shell  fish  live  anj 
breed  in  lofty  peat  mosses !  Thus  we  have  once  more  to  , 
fear 

"  ^^— —  grave  ne  redJret 

It  Swculum  Pjrrhae  nova  monstra  ijuesltt; 

ft 


n  Proteus  pccun  egit  altiii 
e  raoiiies." 


Note  on  page3\\. 
Earthquakes.    Confined  vapour  forcing  a  panagi'.] 
An  impetuous  roaringwind  accompanied  the  dreadful  eaith-  | 
quakes  in  Sicily  in  17S3. 

Note  on  page  345. 
Fresh-waler  shells.']   Though,  iu  eompliniice  with  the  ' 
opinions  of  some  eminent  naturalists  and  geologists,  1  bav« 
^^Uaincd  the  term  frcsb-watcr  shells  and  formations. 
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think  the  £Eiet  of  their  being  reaUy  such,  reBts  on  too  ah^ 
ft  foundation.  We  know  jbo  little  of  the  hidiitudes  of  these 
animals^  that  we  can  scarcely  decide  whether  thjcy  U^ed  in 
fresh  or  salt  water ;  and  the  fdlowing  drcumstaace  com- 
municated  to  me  by  Mr.  Leckie  may.  show  that  anhnili 
have  greater  facilities  of  change  than  naturalists  genenDj 
suppose. 

The  lake  of  Lentini  in  Sicily  is  stocked  with  a  sea  fish 
called  the  Cefalo,  a  species  of  mullet  caught  in  the  Me- 
diterranean^ and  thrown  into  the  (resh  water  of  the  lake, 
where  they  not  only  live^  but  increase  greatly  in  date  and 
improve  in  flavour,  and  are  a  considerable  article  of  luxury 
in  the  island.  This  lake  has  no  communication  with  the 
sea^  and  is  chiefly  filled  with  run  water. 

Note  on  page 35\, 

Though  coal  strata  rarely  if  ever  terminate  in  what  col* 
liers  call  the  deep,. or  dip;  yet  we  know  that  the  strata, 
after  declining  to  a  certain  depth,  frequently  rise  in  an  op* 
posite  direction ;  the  edges  of  the  strata  may  thus  be 
hid  by  rocks  of  another  fonnation,  and  the  strata  may  ter- 
minate at  no  great  distance  from  their  present  known  ex- 
tent. 

Note  on  page  353. 

Magnesian  Ume'Stotie  of  Durham,']  The  following  ac- 
count of  the  lime-stone  of  this  distinct  is  extracted  from  a 
paper  I  published  on  the  Geology  of  Northumberland  and 
Durham,  in  the  Philosophical  Magazine  for  February  1815: 

^^  The  Sunderland  lime-stone  forniation  extends  along 
the  coast  north  of  the  Tyne,  but  not  in  a  continued  line. 
The  whole  thickness  of  this  lime-stone  has  not  been  mea- 
sured ;  nor  would  it  be  easy  to  ascertain  it,  as  some  of  the 
rocks  are  very  indistinctly  stratified.  I  think  it. cannot  be 
lesk  than  one  hundred  and  fifty  yards.     Two  hills  on  the 

west 
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tmt  of  Sunderland,  containing  numerous  marine  orgaiiis 
temaina,  1  am  inclined  to  consider  as  of  subsequent  forma- 
tion. 

"  The  lime-stone  of  Buililing  Hill  near  Sunderland  a 
at  FuJivellisparticulnrly  deserving  notice,  iTOin  the  remarb*  J 
able  configurations  which  it  presents. 

"  The  beds  at  the  former  place  are  of  conuderabla  1 
thickness :  the  Uuie-stune  is  imperfectly  crystalline,  is  of  a 
yellowish -brown  colour,  and  vieldH  a  fuPtid  smell  wbok  3 
strtick  with  a  hammer,  being  that  epecies  called  by  mine*  J 
nUogists  swine-sioiie.  It  contains  nearly  the  same  propoN.J 
tion  of  magnesia  as  that  of  Breedon  in  Leiceat«raliire,  fin 
analysed  by  Mr.  Tennant. 

"  The  lime-stone  in  some  of  the  beds  is  divided  i 
small  cells  uniting  with  each  other,  and   pretty  reg;ularl^  1 
arranged  :  this  has  received  the  ap{)c|]ation  of  honeycomb  J 
lime-stone,  a  name  which  conveys  a  tolerably  correct  idea  ' 
of  its  appearance.     A  suptrficial  observer  might  suppose 
from  the  form  that  this  was  the  organic  remains  of  some 
species  of  madrepores ;  but  it  is  evidently  the  result  of  a 
tendency  to  crvstallinc  arrangement.     This  nrrangenicnl  . 
has  proceeded  still  liirther,  and  disposed  distinct  masses  cC' 1 
the  Iioneyconib  linie-sloTie  to  assume  determinate  forms  ' 
the  substance  of  the  rock  itself.     The  crystallization  of 
some  of  these  masses  appears  to  have  diverged  from  ft 
centre  laterally,  until  the  rndii  were  met  hy  lho»e  of  otlm 
diverging  masses,  and  both  became  tx)mpressed  on  the  side*. 
The  most  striking  of  these  forms  nearly  resembles  u  papal 
niitre :  they  are  from  six  to  nine  inches  in  length  ur  morSf 
and  may  be  detached  from  the  rork.     Several  of  thn 
mitre-shaped  masses  appear  also  to  have  come  in  contact  " 
during  their  fonnBtton,  and  to  be  compres.«ed  at  the  place 
of  junction,  the  convexity  of  tl>e  one  having  formed  a 
coQcavity 
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concavity  in  the  sides  of  the  other.  We  Uiust  ^tber  ad- 
mit^ with  the  late  Mr.  Gregory  Watt,  that  a  crystallint 
arrangement  of  the  particles  can  take  place  in  solid  bodies 
at  the  common  temperature  of  the  earth,  or  that  these 
rocks  have  been  softened  by  heat,  or  some  other  cause, 
subsequently  to  their  formation.  Nor  will  even  the  latter 
opinion,  I  conceive,  be  very  improbable  ;  for  on  the  devated 
ground  at  a  little  cUstance  to  the  north-west  of  Building 
Hill,  I  obs0rv(!d  immense  blocks  of  extremely  hard  and  very 
black  basalt  lying  on  the  surface  of  a  ploughed  field.  On 
inquiry,  the  men  who  were  working  in  the  field  informed 
me  that  numerous  blocks  of  the  same  kind  were  buried  un- 
der the  soil,  which  impeded  their  operations  in  ploughing  so 
much,  that,  when  they  were  too  large  to  be  removed,  they 
were  obliged  to  break  them  by  blasting  with  gunpowder, 
i  tlierefore  think  it  extremely  probable,  that  an  immense 
whin  dyke  has  intersected  this  formation  of  limestone.  The 
quarry  at  Fulwell  is  close  by  the  turnpike  road  to  Newcastle, 
and  about  two  miles  from  Sunderland.  The  lime-stone 
here  presents  little  of  the  honeycomb  appearance  of  that 
at  Building  Hill ;  but  it  is  not  the  Iqss  remarkable  :  it  is 
covered  by  a  stratum  of  calcareous  marie,  or  rather  sand ; 
some  of  the  beds  are  also  divided  by  the  same  pulverulent 
marie  or  calcareous  sand,  in  which  are  imbedded  numerous 
detached  spheres,  spheroids,  and  also  botryoidal  and^ta-^ 
lactitical  masses  of  lime-stone :  but  the  latter  are  attached 
to  the  rock.  The  upper  stratum  of  calcareous  sand  also 
contains  numerous  balls  and  clusters  of  balls  of  ia  similar 
kind,  varying  in  size  firom  that  of  a  pea  to  ten  or  twelve 
inches  in  diameter.  That  these  balls  are  not  water- worn 
is  most  evident :  many  of  them  have  a  crystalline  diverging 
radiated  structure,  others  are  curvedly  lamellar.'  The  most 
striking  circumstance  attending  these  balls  remains  to  be 

noticed : 
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nip«l :  many  of  tU<'in  appear  to  hi^ve  come  in  contact  at 
9  ret(4in  stagi?  of  tlieir  fat)nntioii :  they  present  the  ap4  ■ 
{iVQiaiice  of  two  or  more  balls  with  s  segment  cut  from  I 
tracb,  and  clo«ely  united  at  the  place  of  section  ;  in  ottiM-J 
instances  a  number  of  balls  appear  to  have  pTe»»ed  laleraSy  I 
on  etu^h  other  and  flattened  the  sides,  thua  forming  poly^  1 
hedral  prisms  convex  at  their  upper  and  lower  extremities^  I 
This  singular  conformation  had  not  eu-aped  the  altentioa  I 
of  that  fiagacious  young  philosopher  the  lale  Mr.  G.  WatL 
It   is  indeed   a  fact  analogous  to  wiiat  took  place  in  the 
experiment  be  ma<lc  by  melting  seven  cwt.  of  basalt,  and 
(fufiVring  it  to  cool  slowly.     A  number  of  smiill  globules 
^med  in  the  mass,  and  enlarged  till  they  compreM«d  each 
(4th«r  into  a  prismatic  shape.   TUe  formation  of  these  balls 
of  lime-stone  in  tlic  soft  strata  of  this  rock  might  proba- 
bly throw  SQiae  light  on  the  globular  and  columnar  itnic* 
ture  common  to  many  rack  formation*,  were  tli«  various 
pli^oDieoa  aifeliilly  noticed. 


Note  OB  jta^v333. 

The  first  distinct  accntmt  of  the  sncce^sion  of  the  bedl' J 
and  strata  abme  and  below  the  chalk   formation  on  I 
eastern  side  of  England,  was  pul>li!>hed  by  Mr.  John  FarejrJl 
in  the  first  volume  of  his  Agricultural  Report  of  Derby-TI 
shire,  page  111,    Mr.  Farcy  on  this  and  on  several  otltd 
occasiuns  has  stated  himself  to  liavn  been  a  pupil  of  Mr*' 
William  Smith  of  Mitford,  near  Bath,  Accurding  to  Mr*] 
Farey,  Mr.  Smith  had  the  peculiar  merit  of  having  a 
tained, "  First,  the  prQcticability  of  tracing  the  basset  edges 
of  tlfe  strata  in  cuntini)ous  lines,  and  delineating  them  in 
maps:  Secondly,  that  alluvia,  properly  so  colled,  arc  always, 
the  uppermost ;  and  showing  how  to  distinguish  such  allum 
Erqnirf^antratB;  and  Thirdly,  in  the  di^covrry  tlmt  ccr- 
2  If  tain 
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tain  species  of  organic  remains  are  peculiar  to  certain  strata 
in  the  British  scfries."  In  confirmation  of  which  he  formed 
a  large  collection  of  fossils,  marking  their  localities  care- 
fully,  to  identify  the  different  strata.  I  am  not  aware  that 
Mr.  Smith  has  published  any  account  of  his  own  labours, 
and  it  is  only  from  his  pupil  Mr.  Farey  that  we  are  made 
acquainted  with  them.  This  is  the  more  to  be  regretted, 
&3  the  novelty  and  interest  which  would  haTe  attached  to 
them  a  few  years  since  is  in  some  degree  passed  by,  incon- 
sequence of  similar  discoveries,  by  the  celebrated  naturalist 
Cuvier,  having  been  published  already  through  Europe.  It 
is,  however,  but  justice  to  our  own  countr}'man  to  state, 
that  Mr.  Smith  had  ascertained  the  important  geological 
feet,  that  certain  organic  remains  are  confined  to  particular 
strata,  and  serve  to  identify  them,  before  Cuvier  had  com- 
menced his  labours  in  this  new  field  of  inquiry. 

It  may  perhaps  be  doubted  whether  the  existence  of  or- 
ganic remains  is  sufficient  to  identify  strata  in  distant 
parts  of  the  globe,  as  similar  remains  are  sometimes  found 
in  rocks  which  have  very  little  resemblance  to  each  other : 
on  which  account  1  am  inclined  to  believe  that  this  posi- 
tion, like  many  others  which  have  been  advanced  in  gcolog}', 
must  be  taken  with  certain  limitations :  indeed,  were  we  to 
admit  that  any  one  stratum  ever  extended  from  the  arctic 
circle  to  the  equator,  it  seems  more  than  probable  that  the 
animals  which  lived  upon  it  must  have  been  very  different 
in  different  latitudes. 

Mr.  Fareifs  Description  of  the  Upper  Series  of  the 

British  Strata. 

"  The  highest  known  stratum  (except  the  gravels  and  al- 
luvia) which  appears  in  England,  and  from  beneath  which 
all  its  other  regular  strata  basset  or  emerge  in  succession, 
is  a  sand  which  occupies  Bagshot  Heath  and  a  large  di- 
strict 
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Mrict  S.  and  W.  of  Esher  in  Surrey,  of  which  sand  Dumeroua 
other  pntches  are  to  be  found  in  the  south  and  easte 
countiea,  as  fur  north  as  Hnldemess  in  Yorkshire. 

The  next  in  succession  has  been  called  the  London  clayftl 
which  h  indeed  a  large  assemblage  of  blue  and  reddiah 
clay  strata,  with  beds  of  sand  and  of  small  chert  nodules   ^ 
inter|)Osed.       Numerous  deej)  wells   have  nithin  the  li 
twenty  yenrs  been  sunk  through  it,  in  London  aiid  ever 
part  of  iti  vicinity.     The  ludi  Helmontii,  or  clay-balla  i 
which  Parker's  Roman  cement,  of  such  great  use  in  water-"  | 
works  and  in  stuccoing  huildings  in  imitation  of  stone,  ' 
made,  is  a  product  of  the  London  day. 

A  sand  stratum  of  very  variable  thickness  next  succeed^  j 
and  lies  immediately  upon  the  chalk  in  most  instances,  i 
between  Gieenwich  and  Woolwicli  on  the  hanks  of  the  I 
Thames,  which  has  often  been  called  the  Blackbeath-I 
»aiid :  it  fretjuently  has  a  bed  of  cherty  sand-stone  in  tt  J 
called  the  Grey- weathers. 

The  upper  or  flinty  cimlk  is  n  thick  stratum  of  soft  vM 
free  chalk,  ivith  numerous  layers  of  flint  nodules,  and  gieifr  1 
variety  of  echini  and  other  organised  remains.  The  exire- 
intties  of  this  stratum  are  to  be  found  with  us  in  the  \fh 
of  Wight  in   Hampshire,  and  at  Flamborough  Head  in 
Vorkfhire. 

Tlie  lower  or  hard  chalk  is  without  flints  ;  its  beds  in- 
crease ill  hardness  until  near  the  bottom,  where  a  white 
free  -stone  is  dug,  as  at  Tottcmhoe  in  Bedfordshire  and  nu- 
merous other  places :  that  brought  from  near  Ryegate  aiul 
elsewhere  on  this  stratum  south  of  London,  is  used  as  a 
fire -stone. 

The  chalk  marl  next  succeeds,  which  varies  much  in  its 
appearance,  sometimes  resembling  chalk  when  first  ex- 
posed,   in  other  places  appearing  as  a  blue  cl.iy. 

■-i  II  2  The 


,  Kinvksjiile  for  tUeir  largp  cociiua  anii>)oni8|  BiuiwroutKuni' 
head  muscles,  enUgt^ii,  jtpd  otlier  shells,  glqsiop^Ux,  iic. 
Hand  sirata  succeed,  ^nd  several  clays  which  ha^-e  no  vei)' 
decided  cbaraQter,  axi^Qpt  Qfie  qI'  ttieitij  tvlkich  contaiui  * 
thill  bed  of  dark-coJouredliaiettoue,  alinptt  eiitirel)'  cttio- 
. posed  of  small  turlfiiiated  slit'lU  called  SiLuex  ssiirble,  of 
which  lUe  slender  pilUra  in  Wifbtuat^ts^^T  Abhey  and  wwl 
nf  out  cmhcdrals  aie  m^de. 

The  next  charapt^ristic  stratum,  owing  to  its  forming  a 

[  liigf  of  conspiouou*  hills  iliroiigh  tht!  country,  »  the  UrV 
n  ^and ;  a  thick  f«rrugii)(>us  str^tufii,  which  hclwriU 
fiddle  contains  a  strntuni  al  fuller's  earth,  whitili  ts  the 

I  tbii^cat  and  infuE  pi^re  in  Mplf y,  and  at  llo^tyeread,  t»« 

1  oiiki  N.W.  of  Wpburn,  of  any  knowTi  pl««« :  th«u|i(Hr 
parts  of  thtt  sand  are  frequently  cesieuled  Uv  the  oxidiMl 
pon  into  car-tstone,  and  the  lower  p&rts  cont^  fivgraanti 
of  bilicilied  wood. 

I'he  clunch'day  succeeds.     It  19  generally  blue,  or  in* 

[  (lining  to  black,  and  is  of  great  thickness.  It  has  toauib 
it.s  top  several  beds  of  elunch,  a  soft  chalk-like  stone  in  «p- 

:  fwarauce,  whence  the  name  :  numetous  large  grypbiUs  and 

r  fniall  pointed  belemniteir,  curnua  anmwiil^,  seleoitc,  iiC- 
arc  found  above  the  clunch  ;  the  lower  part  frequeaUy  aoi- 
is  beds  of  bkutniHous  shale  or  clay.    The  vale  of  Bed- 

,  ibid,  the  fcps  of  Canihridgoshire,  Liiicoloshirs  and  York- 
^ire,  are  almost  entirely  situated  \if>oa  tiie  great  plwwi 
Ibmicd  by  tlic  gradual  endings  or  feathering-out  gf  tk'n 

I  ittratuni.  The  Bedford  limestone  succeeds ;  it  bat  bkw 
clay  beiU  interposed,  and  abound*  with  small  grj-phite*  «ad 
Other  shells  :   Buckingham,  S (on ey -Stratford,  ihwftt- 

I  Pa^Tiel,  and  Bedford,  stand  upon  this  itratitm. 

'  A  thick  clay  succeeds  j  and  then  the  famous  ragstftai  a( 
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Bftrn&ctt  and  numerous  othrt-  pIiKM,  compi»ed  tlmoit  en- 
tirely of  minute  shell"  mid  »miill  frftgnimtsof  shells,  whence 
Ihe  stoMs  were  dng  for  nmtiy  of  the  most  uiicient  Slid 
ptrfectly  presened  chnt-ches  and  aitcitiit  builiiing^  hi  tlie 
«a.Htcrii  countieii. 

The  llmestoiic  ami  gjay  Mate  sttnttl  of  StonesfieW,  Colly- 
Weston,  and  ntitiieroui  mlier  (ilucCT,  ne\t  ftUcceM ;  fttiil 
Khourid  ^viih  bones,  g-lossopetr*,  and  othw  onjtinic  rt- 
;hiliiK;  and  then,  a  Bund  Mnmim. 

The  Bath  free-stone  strMa  next  luctbcd,  tavi  form  a  most 
*^llA^ao^pri*tie  rnngc  through  Riiglaiid,  from  the  Isle  uf 
Pot-tlflnd*  in  Donictshire  lo  the  Hnniher  in  Yorkshire: 
^tamfoH,  Anea-ster,  and  Lincoln,  nre  ilponthis  strntom,  in 
i»  raiuje  to  thft  ettiward  of  Derhwhire.  The  upper  part 
is  generally  a  while  or  lif^ht  (;ray  Ihtw-stoiie;  thenlho  ova- 
foTmed  lime-stoneor  oolite  of  Bath,  Ketton,  &'e.  saccecds; 
below  which  is  a  great  thickness  of  light-ydlow  frce-stohe, 
vhich  ahounda  with  curious  ah«Hs  and  finnih,  Btlow  lK» 
t.  sand  and  clays  occnr ;  and  then  the  free-stone  of  so  many 
h«w  of  yellow  and  red,  which  is  diig  near  Northampton 
itnd  numerous  othier  places  on  this  range. 

A  number  nnd  great  thickness  of  sands  and  (days  anc- 
«eeti,  which  admit  of  no  precise  or  characteristic  deicriptiot 
in  so  brief  an  account  as  this  iii  intended  to  he. 

The  Maidwell  lime-stone"  or  bhit  marl-stone  (so  called'^ 
by  Mr.  Smith  from  the  matter  in  which  it  is  imbedded)*  I 
tubveeds;  and  then  other  clays,  which  are  suceeedcd  by 


•  Mr.  Tiny  hii  lincr  mtrd  hit  opinion,  llial  lh«  PonlaiKl  biuI  SI.  AN 
ban^  HMdaolitcliRiMtonrdnniiot  belong  to  thr  Bath  HtaMi  bollo  tboia 
of  Ajla-bary.    Phil.  Kt%.  *vl.  »s<x.  p.  94. 

t  Mr.  B«v«ii,  hBTlBf  cxwuBcd  Uw  riuioitjr  af  IfBldnwit,  ri  Bid  M 
ntti  Um  limfr^tuiic  ntt'of  «n  ;a«il  lu  Ui«  l(n«T  palter  ib«  ^'(»lb>mI>toB 
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The  lias  clay.  This  stratum  is  of  considerable  thickness, 
forming  generally  a  light-yellow  tenacious  surface,  cold, 
and  much  disposed  to  ant-hills  when  laid  down  in  pasture. 
A  part  of  this  stratum  approaches  within  three  or  four  miles 
of  Derbyshire,  which  has  enabled  me  to  introduce  it  in 
the  Map  of  strata  and  soils  facing  page  97*-  It  is  there 
distinguished  by  a  blue  colour,  through  a  part  of  Leices- 
tershire and  Nottinghamshire,  from  Wigstead  to  Cotgrave. 
This  clay  is  rendered  remarkable  by  a  lime-stone  in  thin 
blue  beds,  called  blue  lias,  wliich  it  contains;  two  or  three 
of  which  beds  make  a  lime  which  is  superior  to  any  other 
that  is  known,  for  sluices,  locks,  piers,  and  other  water- 
works, on  account  of  its  property  of  setting  almost  imme- 
'diately,  even  under  sea  water,  and  continuing  to  harden. 
Watchet  and  Aberthaw,  on  opposite  sides  of  the  Bristol 
Channel,  Southam  in  Warwickshire,  and  Barrow  on  Soar, 
arc  particularly  famed  for  this  lime,  and  which  probably 
might  be  had  as  good  at  numerous  other  places  throughout 
the  long  range  of  this  stratum,  extending  from  one  sea  to 
another  without  much  interruption,  I  believe,  if  the  same 
judgement  and  care  were  used  in  selecting  the  beds  most ' 
proper  for  water  lime,  instead  of  burning  together  the 
whole  of  what  they  dig,  without  selection  or  discrimi-' 
nation,  as  is  too  commonly  done  at  lime-kilns. 

The  blue  lias  is  remarkable,  owing  to  the  pentacrinus, 
the  bones,  scaly  fish,  and  other  fossil  remains  which  it 
pro<luces  throughout  its  whole  extent ;  and  it  has  on  the 
whole,  perhaps,  the  best  marked  and  most  important  geo- 
logical characters  of  any  stratum  in  the  British  series. 

In  the  lower  part  of  the  lias  clay  a  great  succession  of 
other  lime-stone  beds  often  occur,  called  white  lias ;  but  at 
Barrow  on  Soar  and   other  places   they  appear  only  as  a 
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whitish 


nliiliali  marl,  in   the  banks  of  tlic    river    and  elsewhere, 
juldering  wilh  the  iveatlier. 

From  subsequent  observations  it  appears  the  lias  lime- 
stone does  not  exist  in  one  continuous  range  nortli  of  tlie 
Hiimbrt,  though  detached  portions  of  it  occasionally  occur. 
A  sand  terminates  tiiif  series,  which  appears  at  Balderton 
near  Newark."  After  this,  Mr.  Farey  describes  the  red 
marl  as  fanning  a  regular  stratum,  which  he  seems  to 
consider  as  identical  with  the  red  sand-stone :  but  Mr.  F. 
Ims  since  admitted  that  the  red  murl  is  in  general  uncon- 
formahly  laid  over  the  coal  measures^  and  other  subjacent 
strata.— See  Phil.  Mag,  vol.  xliii.  p.  330;  and  vol.  xlv. 
p.  167  and  170. 


Kate  on  page  375. 
A  section  acrots  this  part  of  our  Island.)  The  section 
given  plate  VII.  fig.  1,  is  intended  to  represent  the  suc- 
cession and  arrangement  of  the  clifTerent  rock  forma- 
iiaa«,  uithout  attcmpthig  more  than  a  general  resemblance 
to  the  surface  outline.  The  elevation  of  the  hills  com- 
pared tvith  the  l>asc  is  necessarily  represented  considerably 
greater  than  the  true  proportion,  for  the  sake  of  distinct- 
ness. Had  the  true  proportion  been  preser\'ed,  the  height 
of  Skiddaw  or  Sca-fcll  woidd  not  be  more  than  the  out 
hundred  and  fiftieth  part  of  the  ba^c  line. 

Note  on  page  3SG. 

Pule  mtus-tunnel.]     "  About  240  yards  from  the  en- 

rance  uf  the  hill,  and  eighty  yards  beneath  the  surface, 

'.  workmen  discovered  a  fault  or  throw  of  the  strata, 

Rwhich  u-as  Ailed  with  -shale  reared  on  the  edge,  mixed  witli 

K-foflcr  earth,  and  in  some  places  wilh  lumps  of  coal.  As  the 

workmen 
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nvorkmen  pro^edcd  with  thi^  ekaih^iiM,  Prhith  b  ncMrly 
four  yards  wide,  the  fault  for  about  faHy  yards  tKfClifiiiti 
by  degrees  liiore  of  the  space  of  the  tunnel ;  at  abtfot  ire 
fe^t  from  its  southern  ma^n  it  conUdned  a  rib  oF  Itaft* 
stone  near  four  feet  in  thickness  ai  the  bottotti,  but  not 
quite  so  thick  at  the  top  6f  the  timnel ;  oh  each  side  of  the 
rib  it  contained  haSn  of  liihestone  promiscuoiftty  ftcatteY^y . 
fr6m  an  ounce  to  lOOtfos.  weight.    Tito  workttlen  ftavV 
puniued  the  tunnd  350  yards  froiih  thfc  etitrtttu^  and  the 
ribs  and  batb  of  llme-4tone  eo&tifnu6  the  saAie.  Th^  IbKie- 
itoi^e  of  the  rib  is  not  perfectly  pure,  tlibt  of  die  balls  tes6| 
but  makes  &  good  lime  for  ceihent :  though  the  ^mdece  61 
the  country  is  rocky,  it  does  not  discover  liihe-AtDne  any 
where  within  twenty  miles;  yet  if  the  strata  in  Derbyshire 
and  near  Ciithero  be  examined,  it  will  appear  probable  that 
the  base  of  these  hills  is  lime-stone/' — Phil.  Tran^.  1796. 
1   am  inclined  to  believe  the  lumps  of  coal  were  in- 
durated bitumen,  from  some  specimens  coflected   at  the 
top  of  Stanedge,  a  neigbouring  hilL     The  balls  appear  to 
contain  a  considerable  portion  of  calcareous  earth,  united 
with  iron-clay,  and  can  scarcely  be  denominated  lime-stone. 
The  stone  trom  the  rib  described  as  lime-stone,  I  had  no 
opportunity  of  examining;   it  was  all  consumed  or  re- 
mbved.     In  some  of  the   collieries  to  the  east  of  this 
tunnel,  near  Huddersiield,  round  balls  were  also  found 
containing  shells  filled  with  li(iuid  bitumen. 


Note  on  page  451. 

I  am  feu*  from  considering  the  rocks,  after  their  fir^t 
formation,  as  being  in   a  state  of  profound  repose  :    new 
arrangements,  occasioned  by  variation  of  temperature  or 
other  causes,  might  take  place  among  the  particles  them- 
selves. 


idvM^  aA  esqdaiiiM  in  the  preceding  diaptet )  Aa*  htiitoe^ 
rous  drcumstancet  kiad  us  to  inftr  that  prb^esses  are  atin 
going  on  in  the  recesset  of  the  earth,  without  the  ifii- 
mediate  aid  of  volcanic  fires.  The  expldsions  which  kre 
ftometimes  heard  in  mountwis  not  volcanic,  (see  Traveh 
of  Captains  Lewis  and  Clark,}  and  the  ejection  of  masses 
filled  with  crystalline  matter  recorded  by  numerous  travel- 
lers, are  at  present  too  imperfectly  known  to  warrant 
any  conclusions ;  but  they  seem  to  indicate  the  present 
active  state  of  the  interior  part  of  the  globe. 
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Height  of  some  of  the  most  remarkahle  Mountains  and 

Hills  in  England  and  Wales. 

[The  following  admeasurements  of  the  English  and  Welch  raoao- 
taios  are  extracted  from  the  valuable  ^  Trigonometrical  SunreV 
begun  by  Major-general  Roy  and  completed  byLieutenaDt*colonci 
Mudge:  a  work  which  will  remain  a  lasting  monun>ent  of  the 
ability,  accuracy,  and  persevering  application  of  its  authors,  and 
do  honour  to  the  reign  in  which  it  was  undertaken.] 

Feet, 

AUington  Knoll,  Kent      — r  —      329 

Arbury  Hill^  Northamptonshire  —       804 

Arran  Fowddy,  Merionethshire  —     2955 

Arrenig,  Merionethshire  —     2809 

Axedgc,  Derbyshire      —  —     1751 

Bagshot  Heath,  Surrey        —  —  463 

Barstead,  Surrey                  —  —  576 

Bar  Beacon,  Staffordshire   —  —  653 

Beacon  Hill,  Wiltshire        —  —  690 

Beacons,  Brecknockshire    —  —  2S62 

Bardon  Hill,  Leicestershire —  —  853 

Beachy  Head,  Sussex          —  —  564 

Beeston  Castle,  (Top  of )  Cheshire  —  556 

Black  Comb,  Cumberland  —  —  1 919 

Black  Down,  Dorsetshire     —  —  817 

Black  Hambleton  Down,  Yorkshire  —  1246 

Bleasdale  Forest,  Lancashire  —  1709 

Boulsworth  Hill,  Lancashire  —  1689 

Botley  Hill,  Surrey              —  —  880 

Bow  Fell,  Cumberland        —  —2911 

Bow  Hill,  Sussex                 —  —  702 

Bradley  Knoll,  Somersetshire  —  973 

Broadway  Beacon,  Glocestcrshire  —  1086 

Brown  Clee  Hill,  Shropshire  —  1805 

Cader 
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^1 

H 

^M 

Cader  Ferwyn,  Merionethshire            — 

25K3                    ^H 

Cader  Idris,  Merionethshire                — 

2914                    ^H 

Caermarlheii  Vau,  Cacrmarthcnshire  — 

^H 

Calf  Hill,  Westmoreland     —            — 

2I8S                     ^H 

Cam  Fell,  Yorkshire      —                 — 

^H 

Capellante,  BreckiKKkshire                 — 

2394         ^^^H 

Cniiiedd  David,  Caemarvoiithire         — 

3427         ^^^^H 

Carnedd  Llewellyn,  C'aernarvoiishire  — 

3469        ^^^^H 

Carraton  Hill,  Cornwall    —             — 

1208 

Caitle  Ring,  Staffordshire   —            — 

715 

Cheviot,  Northumberland                   — 

265S 

Collier  Law,  Durham          —            — 

1678 

Coniston  Fell                  —                 — 

2577 

^m        Cmdle  Mountain,  Brecknockshire      — 

2545 

^k       Cross  Fell,  Cumberland            —      — 

2901 

^^B       Crotvliorough  Beacon,  Suskx               — 

804 

^H      Dean  Hill,  Hampshire         —            — 

539 

^^       Ditchling  Beacon,  Sussex                      — 

858 

Dover  Castle,  Kent              —              — 

469 

Dundrj'  Beacon,  Somersetshire    — 

1663 

Dunnosc,  Isle  of  Wight      —            — 

792 

Dwggan  near  Builth,  Brecknockshire  — 

2071 

Epwell  Hill,  Oxford           —           — 

836 

Fairlight  Down,  Sussex      ~            — 

599 

700 

Fide  Beacon,  Sussex             —            — 

820 

Folksionc  Turnpike,  Kent  —            — 

575 

^L        Frant  Steeple  (Top)  Sussex  —            — 

659 

^m       Furland  (near  Dartmouth)  Devonshire 

589 

L 

Gureg 

4TS 
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Fcct« 

Cfai-i^g  Mountain^  Fliiitohire  ->— 

^ 

835 

GkHh  (The)  Glamorganshire  -^ 

*i4. 

981 

Gntsmere  Fell,  Cumberland 

*■ 

2756 

Grd^uwieh  Obsernttorf,  Kent 

• 

214 

• 

Hathersedge,  Derbyshire    — 

-^ 

1377 

Hcdgehope,  Northumberland 

— 

2^47 

iielvellin,  Cumberland        — 

*^ 

3055 

Hensbarrow  Beacon,  Cornwall 

^— 

1034 

•  -        • 

Highclcre  Beacon,  Hampshire 



m 

High  Pike,  Cumberland      - — 

— 

2101 

Holland  Hill,  Nottingham  — 

— . 

487 

Holme  Moss,  Derbyshire    — 

— 

185l 

Holy-Head  Mountain,  Anglcsea 



m 

Ingl^borough  Hill,  Yorkshire    — 

... 

2^1 

tiikpin  Beacon,  Hliii){)'shire  — 



1011 

KilRope  Law          •—               — 

«... 

2198 

Kit  Hill,  Cornwall  —              ~ 

-^ 

i06^ 

Letth  Hill,  Surrey   ^-^              — 

•    « 

993 

Liliyhoe,  Hertfordshire        — * 

•^ 

664 

Liiidinan  Mouhtittni  Motttgoitiery 

— 

1896 

Llanelian  Mountain,  Denbighshire 

— 

1110 

IfldAgeinor  Mountain,  Glantbrg;ftii)hir^ 

1859 

Long  Mount  Forest,  Shropshire 



1674 

Lfkig  Mountain,  Montgomery 

*— 

1330 

Ldfti's  S^at^  Derbjrehir^            ~ 

■ 

1715 

Mahrem  Hill,  Worcestershire 

w. 

1444 

Mo%l  Fammau,  Denbighshire 

— 

1849 

Moel  Morwith^  Detibigbsbire 

-J^ 

1767 

Mow  Copt,  Cheshire           — 

— 

1091 

Nine 

TTSICRT  (ir  UOfn^TAIN*. 

■ 

Nin?  Sumdards,  Wsstnjflrfljnrt 

— 

^^H 

Qrpil  Heights,  Dcrbj-shire 

- 

^^H 

P?pdle  Hill,  Lwcaahlre 

_ 

ieo3             ^1 

jP^ngaen,  Merionethshire     ;— 

-^ 

13l«                       ■ 

Pfnmaen  Maur,  Caemarvopshire 

— 

im           ■ 

Pennigent  Hill,  Yorkshire  —    — 

— 

2m           ^B 

?i!Iar,  Cuniberlaud            —    — 

— 

2693                    ^M 

2463                     ■ 

Radnor  Foreitj,  Riwhioreliirf      — 

_ 

2IC3                     ^M 

Rivel  Mountain,  Caemarvonahire 

— 

ISC<                     ^1 

Riviiigton  Hill,  Lancashire 

— 

^^H 

KoHney's  Pillar  (Base  of)  Montgomery 

1199           ^^^B 

Rooks  Hill,  Sussex,             — 

— 

^^^1 

Roscberry  Topping,  Yorkshire 

— 

1022           ^^^H 

^VPI^Ies  Moor,  Yorkshire         — 

— 

1308                    ^H 

^      Ssddlehack,  Cumberland           — 



27s;           H 

m      Sea  Fell  (Luw  Point),  Ci}ijibcrlan4 

_ 

mt              ■ 

f     Sea  Fell  (High  Point),  Cutnbtriantl 

— 

SIM                    H 

~- 

600              H 

Shooters  Hill,  Kent           —    — 

— 

4^                        ■ 

Shunnor  Fell,  Yorkshire    —    -^ 

— 

mt           '■ 

Skitklaw,  Cuipberland       -r-     rr- 

-^ 

mi            ■ 

Sne*  Fell,  Isle  of  Man      ^     ^ 

T^ 

sm             ■ 

_       ^nowcloni  CMmarvonshire  — 

3371            H 

m     IJtowHitI,  H«rifp[TM>>r«     ^ 

~r 

■ 

■     ^aw  on  Oic  Wold,  UloveaM:rM<ire 

^ 

m            ■ 

■     Trfgarroif  Dofin,  C»r4iftVUh,'rH 

.^ 

1747                    1 

^L    Trdl^  Beacon,  Monmouth^liire 
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Feet. 
Water  Cragg,  Yorkshire  —  —  —  2186 
.Weaver  Hill,  Staffordshire  —  —  —1154 
Wendover  Down,  Buckinghamshire  —  905 
Whemside,  (in  Ingleton  Fells)  Yorkshire  2384 
Whernside,  (in  Kettlewell  Dale)  Yorkshire  2263 
White  Horse  Hill,  Berkshire  —  —893 

Wittle  Hill,  Lancashire       —  —     1614 

Wrekin,  Shropshire  —    —      —     1320 


Motmiains  in  Scotland. 

Of    the  height  of  the  mountains  in  North   Britain,  I 

believe  there  have  not  hitherto  been  any  very  accurate 

admeasurements  taken.     The  following  are  some  of  the 

most  considerable,  with  the  heights  as  given  by  different 

writers. 

Feet. 

Arthur's  seat  Edinburgh.  —  810 

Salisbury  Craigs  —  —      550 

Hartfell,  Dumfrieshire  3304  or  2800, 

supposed  by  Mr.  Jarheson  the  highest  in  the 

south  of  Scotland. 
Goatfield^  Island  of  Arran  —  2945 

Benlomond,  Stirlingshire  —      '      3262 

Benlawer«,  Perthshire  —  4051 

Ben  Merc,  Perthshire  —  —    3870 

Schehallien  —  —     3281  or  3564 

The  most  southern  of  the  Paps  of  Jura  '  2359 
Mount  Battock,  Kincardineshire  —  3450 
Ben-Nevis,  Invernesshire  —         4380, 

the  highest  mountain  in^reat  Britain. 
Cainigorum  _  — ,  —    4050 

Remarkalle 
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RemiiTkalle  Mountains  in  various  Parts  of  the  ffbrU. 

In  the  Alps.  Feet. 

Mont  Blanc  —  —         15680 

Mont  Kosa  —  ■ —  1S555 

Buet  _  _  _  10II2 

^      St.  Gotlmrd  —  —  9075 

■     hof^ice  of  Great  St.  Bernaxil  —      8040 

P     Ortler  Spitze,  Tjrol  —  15430 

Various  mountains  in  these  chaiOH  rise  from  six  to  niiia  i 
tlioitsanil  feet.     Few  of  the  mountains  nortli  of  tlie  Alpa  { 
rise  six  thousand  feet  above  the  level  of  ihe  sea;  but  soma 
of  the  summits  of  the  Doffreoe  l!i!U,  which  separate  Nor- 
way from  Sweden,  ratiier  exceed  that  height.     Mont  d'Of 
anil  Cantal,  in  the  district  of  Auvergne  in  France,  ar 
above  six  thnnsand.     The  highe^it  peuka  of  the  PjTenee*   ' 
rise  from  six  to  ten  thousand  feet  above  the  sea.     Vigne   ' 
Marie,  the  loftiest  uinnnit  in  this  chain,  la  ten  tliousnnd 
and  sisty-eigbi  feet. 

Italy  and  Sicily.  Feet. 

Mount  Etna  (doubtful)  —  10963 

Vesuvius  —  —  3900 

Of  Africa  the  geography  is  too  little  known  to  Ornish 
u9  with  any  correct  account  of  the  mountains.  Those  of 
Ab)'s->Ini.i  have  been  estimated  to  rise  a^  high  aa  the  Alps, 
and  the  chain  of  Mount  Atlas  to  equal  the  Pyreneeg : 
Some  of  the  mountains  at  the  southern  extremity  of 
Africa  are  also  supposed  to  be  of  equal  height. 

Feet. 
Peak  of  TcnerifFe  —  1223(1 

Gross  Morae,  Isle  of  Bourbon  9600 

Volcano,  ditto  —  7680 

lu 


In  Asia  the  Altaic  chain  has  summits  said  to  €Xoeed 
10,060  feet. 

The  high  table  land  in  the  centse  of  Asia  has  not  been 
measured.  The  mountains  of  Thibet  are  estimated  to  mt 
25,000  fiMBt.  In.  the  Indian  Islands  these  ase  aerenl 
momitains  which  are  said  to  rise  from  10  to  13,000  leet. 

South  America. 

Clumborazo,  Quito               «—  22,700 

Cotopaxi,        ditto               *-«  20,925 

Picd'Qriziba            ^           —  17,868 

Many  other  mountains  in  the  Andes  equal  or  exceed  die 
height  of  Mont  Blanc 

NortI][  America^ 
Some  very  lofty  mounUuns  rise  on  thewestem  coas( :  ^ 
hw  of  the -mountains  in  the  Apalachian  cha^n,  or  tl^ 
Allegahny  on  the  eastern  side,  rise  three  tho\isand  feet 

above  the  level  of  the  sea. 

f      «  , 

The  greatest  depth  of  the  sea  that  it  has  ^en  pracQnfile 
to  measure  is  one  mile  and  sixty-six  feet.  The  average 
depth  b^been  estimated  ^  (offr  ipiles,  but  according  to 
La  Pl^ce  it  cannot  be  less  thap  eleven  mil^  He  founds 
this  c^ififQU  on  the  depth  of  water  necessary  to  ngff  the 
tides  to  a  given  height. 
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A  VOCABULARY 

Containing  some  of  the  Terms  and  Nantes  used  in  Oeology 
and  Mineralogy  J  which  may  not  he  familfar  to  the 
general  Reader. 


Tlie  Paget  refer  to  the  present  volume. Prov,  implici  that  thr  term 

ii  pruviocial. 


jictmoliie,  {from  aklirif  a  ray,  andHthos,  a  itone,)  called  also 
Actinote,  a  mineral  generally  radiated,  and  inclining  to  a 
green  colour,  conflidered  as  a  species  of  homUende. 

Adamantine  luUre,  denotes  a  lustre  of  a  sinukr  kind  to  that 
of  pearls,  but  much  more  brilliant. 

Adularia,  a  variety  of  felspar. 

Aggregated,  united  by  adhesion/  and  not  by  chemical  aflSnity. 

Alabaster,  p.  213. 

Alloys^  combinations  of  difiereot  metals  with  each  other. 

Alluvial  depositions,  beds  of  clay,  gravel,  kc,  formod  by  water 
from  the  destruction  of  rocks  or  strata* 

Alumine,  pure  clay,  see  p.  S3. 

Aium  slate  or  Shale, }  a  slaty  argillaceous  stone,  from  which  suL 

Aluminous  Schistus»  y    phatof  alumine,  or  alum,  is  produced. 

Amethyst,  a  violet-blue  variety  of  quart2. 

Almianih,  fibrous  asbestus. 

Amorphous,  without  any  regular  shape,  uncrystallised. 

Amphibote,  a  name  given  by  the  French  to  hornblende. 

Amygdaloidai,  see  p.  29. 

Anhydrous,  not  containing  water. 

Anthracite,  a  i^Mscies  of  hard  shining  coal  which  bums  without 

smoke. 
Apatite,  a  stone  composed  of  lime  and  the  phosphoric  acid. 
Argillaceous,  clayey. 

2  I  Ariehical 
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Arsenical  ps/rites,  a  white  iplendent  combinatioii  of  aneiDc; 

iron,  and  lulphnr. 
Ashesius,  a  fibrous  soft  greenish  mineral  with  a  pearlj  lottre, 

composed  of  silex,  day,  and  m^nesia. 
MpkaUum^  a  spedes  of  bitamen  or  mineral  pitdi. 
Attgite,  a  bladLish  green  crystallised  mineral  fimnd  in  basalt 

and  lava,  nearly  resembliiqr  hornblende. 

Barytes,  a  peculiar  heavy  earth,  having  many  properties  rs- 

sembling  lime  and  the  fixed  aliialies. 
Basalif  seep.  118. 

Basaltic,  resembling  basalt,  either  in  structure  or  composition. 
Basset,  prov.    When  a  stratum  rises  to  the  surfiiee,  it  Is  said  to 

basset  or  crop  out* 
Belland,  prov.  small  particles  of  lead  ox«« 
Bmd,  prov.  indurated  day. 
Bitumen,  mineral  pitch. 
Bituminous,  containing  bitumen # 
Blende,  an  ore  of  zinc  combined  with  sulphur* 
Borates,  salts  formed  by  the  boracic  add. 
Borax,  soda  combined  with  a  peculiar  add  called  the  Ixxadc. 
Botryoidal,  shaped  like  closely  dustered  grapes. 
Breccia,   composed  of  rounded  stones  or  fti^ments  of  rock 

cemented  together  into  a  conipact  xaeMf  soch  as  pad* 

ding*stone. 
Brown  coal,  see  p.  105. 

Calcareous  earth,  ca  bonate  of  lime,  see  p.  34. 

Calcareous  spar,  or  Cak-spar,  crystallized  parbonate  of  I&oa» 

Calx,  a  metallic  oxyd,  or  a  metal  combined  with  oxygen  by 

combustion. 
Capillary,  shaped  like  hair. 
Carbon,  the  basis  of  charcoal. 
Carbonates,  salts  formed  by  the  combination  of  tityhMe  w!t]^ 

carbonic  add. 
Carburets,  compound  substances  containing  carbon. 

Cawk,  prov.  sulphat  of  barytes. 

CdUar, 
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Cdlular,  tee  p.  27. 

Chalctdony,  \ 

CknuBoM    S  ^^^^^^^  ^  illiceoos  stooei. 

Chalk,  p.  210. 

Chaio^mit,  chaogiog  cokxir  aooovdiog  to  the  diractioii  in  whUi 

the  tiirfiwe  receiTes  and  nflects  light. 
Cheri,  1  filioeoas  stone  nearly  resembling  flint. 
Chlorite,   a  darkish  green  mineral  composed  of  silex^  c^ay, 

magnesia^  and  oayd  of  iron. 
Chlorite  slate,  slate  formed  of  chlorite. 
Cinnabar,  native  vermilion^  an  ore  of  mercnry* 
Clavated,  like  a  club. 
Clay  iron-stone,  see  p.  I90. 
Clay  porphyry,  clay-stone  with  crystals  imbedded. 
Clay  slate,  argillaceous  schistus^  see  p.  103. 
Clay  stone,  a  compact  stone  which  passes  by  gradation  from 

indurated  clay  tojasper  and  compact  felspar. 
Clinkstone,  a  basaltic  stone  which  yields  a  metallic  sound  when 

struck. 
Clunch,  prov.  slaty  indurated  clay. 
Cobalt,  a  metal  from  which  smalt  and  zafire  are  made. 
Columnar,  in  columns  or  prisms. 
Comblnalum,  the  chemical  union  of  two  substances^  not  the 

mechanical  mixture  of  the  parts. 
Compact,  see  p.  27* 

Concentric,  when  in  spherical  layers  over  each  other. 
Conchoidal,  seep.  27. 
Cotemporaneous  veins,  seams  or  fissunsa  in  rocks  filled  with 

ore  or  mineral  substances  which  were  famed  al  the  same 
time  with  the  rock«  and  oonstitnte  an  or^;inal  part  of  it. 
CotemporoHmms  rodk'ftirmationi,  rocks  formed  or  consolidated 

at  the  same  time. 
Coralloidal,  branchedJike  coral. 
Cross  courses,  the  veins  in  a  mmfaig  district  that  cut  through 

ther^^ularveina. 
Cuneiform^  like  a  wedge. 

2  I  3  Decom* 
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Decompas'Uionj  the  separation  of  the  constituent  pirts 

by  chemical  means. 
Decrepiiation,  the  peculiar  crackling  noise  made  by-  aalt  when 

thrown  upon  the  fire. 
^D€^ut8et,  to  diasolTe  by  the  moisture  of  the  atmosphere. 
Dendritic,  like  a  tree. 
Dcnt^orm,  shaped  like  teeth,  but  applied  particularly  to  the 

sbi^  of  canine  teeth . 
Dip,  tlie  point  of  the  compass  to  which  »stftttam  iodines. 
DocimasHc  art,  the  art  of  assaying  metals. 
Dog-tooth  spar,  calcareous  crystals  consisting  of  two  sis^sided 

pyramids  united,  whose  bases  alternately  advance    and 

recede  in  a  zigzag  form*  This  form  of  the*  crystal  is  de- 

nominated  by  Hauy  MHaiastiqut. 
Druses,  cavities  lined  with  crystrit; 
Dmsy,  oofered  with  minute  osystels. 
Dykes  or  Faults,  see  chapter  XII. 
I 

Earths,  names  of,  barjtes,  stronlian^  m2^;nesia^  Ume^  silez, 

alumina,  zircon,  glucme,  ittrta. 
ICfflorescence,  the  powder  formed  on  some  sdine  substances  by 

exposure  to  the  atmosphere. 
Electric,  attracting  light  bodies  when  rubbed. 
Elements,  the  simple  constituent  parts  of  substances* 
Epidote,  a  variety  of  actinolite. 

Fascicular,  (scopiform,)  composed  of  a  ntmiber  of  needle- 

sbapud  crjrstals  which  diverge  from  a  comnxm  centre. 
Felspar,  or  FtUtspair,  sec  p.  38. 
Felspar,  varieties  of: 

Resplendent  Adularia 

Opalescent  Labradore 

Greco  Amazon  stone 

Compact  Horastone 

Decomposed  Kaolin  and  Porcelain  earth. 

Filijornt,  in  the  bhape  of  threads. 

FbU, 
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Flini,  p.  2 1 1 . 

Flinty  slate,  p.  104. 

FlcBtz,  a  barbarous  term  iDtrodnced  from  the  German  to  de- 
note flat  or  parallel  stratified  rocks. 

Flocan  or  Ftmcan,  (prov.)  a  whitish  or  blaeish  clayey  substance 
lining  veins,  and  sometimes  intermixed  with  the  ore. 

Fluor  spavy  lime  combined  with  fluoric  acid. 

FiuXf  a  substance  mixt  with  a  mineral  to  promote  fusion. 

Friable,  that  will  eanly  crumble  in  pieces. 

Fuiion,  the  rendering  of  a  solid  body  fluid  \3ff  the  application 
of  heat. 

Galena,  lead  comlnned  with  sulphur. 

Gangarty  the  mineral  substance  in  reins  in  which  the  ore  is 
generally  imbedded. 

Garnet,  a  crystallized* stone  composed  of  tilexy  clay,  and 
iron ;  the  crystals  have  generally  1-2  sides  wfaoae  flioes 
are  rhombs. 

Gelatinise,  a  property  peculiar  to  some  mhierals  of  forming  a 
kind  of  jelly  when  dissolfed  in  acids. 

Geognosy*,  Geology.  Geognosy,  as  defined  by  Mr.  Jame* 
son,  "  teaches  us  the  relative  position  and  mode  of  for- 
mation of  the  minend  masses,  of  which  the  crust  of  the 
earth  is  eomposed.**  Though  the  Germans,  who  de- 
light in  multiplying  words,  aflisct  fo  make  a  distinction 
between  geology  and  geognosy,  according  to  this  defini* 
tion  tiiey  am  ^nouyisious. 

Glance,  from  the  German,  shining. 

Glucinef  a  peculiar  earth,  resembling  day  in  ■  maoy  of  its 
properties  |  it  forms  a  constituent  part  of  the  preckms- 
stone  called  beryl,  or  aqua  marine,  and  dffo  of  the 
emerald. 


^  The  term  «*  well  educated  jreofrtoort,"  m  iised*by  tcttite  writer*,  denotw 
a  perfect  disciple  of  Werner,  who  bas  kiftt  tlie  use  of  bit  own  eyes  by 
cuiutaiitly  looking  tluoagb  the  eyct  of  Ms  aMatSr* 

Gneiss, 
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Gndu,  see  p.  80. 

Gossan,  (prov.)  a  friable  ferragiiieoas  sabttanoe  firand  near  the 

upper  part  of  metallic  vetos  io  ComwalL 
Oraniie,  ieepi^65« 
Graidik,  seep. 2& 
Granular,  see  p.  27. 
Gray  wacke,  see  p.  105> 
Green  iiane,  see  p.  J 18. 

Growan,  a  name  used  by  Combb  miners  for  granite. 
Gypsuntj  Gyps,  lime  combined  with  solphnricadd. 

Hanger  9nd  Ledger,  (pror.)  the  upper  and  imdcr  aide  of  j 

vein. 
Heavy  9par,  barytes. 

HeSoirope,  a  siliceous  stone,  generallj  spotted  green  nd  ted. 
Hemaiiie,  a  particolar  oie  of  iron. 
Ihmbknde,  see  p.  41. 
Hom-sione,  a  siliceous  stone,  chert. 
Horn-ore,  oorneoos  silver  ore,  or  mnriat  of  silver. 
Hydrat,  a  salt  or  mineral  substsnce 4M>mbined  with  water* 
Hydrogen  gas,  inflaoamaUe  air.  *  . 

Jasper,  is  composed  of  silex  and  da^f 

Intrant  particle,  the  minutest  partideof  «  compound  body 

which  can  be  supposed  to  exist  without  seponHii^  the 

different  elementary  particles  of  wMcb  it  is  compoaed. 
Intumesuni,  boiling  and  swelling  in  tbo  firji  like  alooi. 
Iridescent,  coloured  Tike  the  rainbow. 
Jron^stone,  seep,  igo, 
Ittrya,  a  peculiar  earib,   Ibond.  in  o  mincfal  aubalaaoe  at 

Ytterby,  by  Dr.  Gadolin,  hence  caOtd  by  some  mioo- 

lalpgists  Gradolinlte. 

KiUas,  (prov.)  a  schistous  rock  nearly  alUed  to  state. 


I' 


Lamellar,  consbting  of  plates. 


Laminm,  thin  letvet. 

lAtva,  tee  p.  320. 

Lmticuiar,  shaped  Uke  «  double  caof«i  lent. 

LeucUe,  a  mineral  found  in  lava,  whidi  r^aemblaa  gvnet  in  Ha 

crystallization,  but  contains  potass. 
Lias,  (prov.)  see  Appendix,  p.  470. 
lime,  tee  p.  34. 
Lode,  (prov.)  a  metallic  vein. 

Magnesia,  tee  p.  35. 
Magnetic,  vhich  attracts  iron. 
Malachite,  graen  c^fbooate  of  copper. 
Mammillary,  with  a  number  of  convex  smooth  surfaces. 
Mandelstein,  a  name  given  by  the  Germans  to  amygdaloid. 
Marl,  generally  ooatposed  of  clay,  silex,  and  lime. 
Marie,  a  twin  crystal,  or  two  crystals  crotting  each  other. 
Afatrix,  the  substance  in  which  metallic  ores  are  imbedded. 
Mechanical  depositions,  beds  or  ttiata  formed  by  the  de* 

position  of  tubstanoet  tospended  or  carried  by  water. 
Mttals^  names  and  titnationt  of,  2gg. 
Metallic  axyds,  combinations  of  metals  with  oxygen. 
Metallic  bases,  salts  formed  of  metals  combined  with  acidi  are 

said  to  have  metallic  batet. 
Metallffinrwu,  containtng  metala. 
Mica,  tee  p.  40. 

Micaeeoms  eckisi,  or  Mica  sUUe,  see  p.  82. 
Molecules,  the  ultimate  ptitides  of  bodies. 
Mud,  volcanic,  p.  334. 

Naay^m^  Naereeese,  having  the  pear!y  lotlre  of  »hcil<. 

Naphtha,  a  light  mineral  oil. 

Native  metals,  such  as  are  found  in  nature  in  a  metallic  slate. 

wVa^roa,  a  name  for  native  carbonate  of  soda. 

yichel,  a  peculiar  metal,  which  like  iron  \\  attracted  by  t|ie 

mi^gflet« 
J^oduUms  or  Tuhermui  hiving  protnberan/cf^  like  a  potatoe. 

Oh  vidian, 
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Obsidian,  volcanic  glass,  see  p.  332. 

Ochres,  combinations  oi*  the  earths  with  oxyd  or  carbonate 

of  iron. 
CUvtM,  an  oiive«cok>iired  mineFBl  found  in  basalt. 
Oolite,  roe-stone^  see  p.  206. 
Opalescent,  tnmsmitting  variously    ooloared  light  ooaibined 

with  a  milky  cbudiness,  as  in  the  siliceous  stone  called 

Opal. 

Ores,  metallic  matter  combined  with  extraneous  substances. 

Oxygen,  2L  substance  hitherto  undecomposed,  whicb  united 
with  hydrogen  forms  water;  with  some  combustible 
substances  it  forms  acids.  Substances  combined  with 
oxygen^  but  not  acidified,  are  called  oxyds. 

Peat,  see  p.  25/. 

Peari'Spar,  a  sparry  iron-ore,  a  carbonate  of  Iron  having  a 

pearly  lustre. 
Pearl-Stone,  pearly-coloured  obsidian. 
Phosphorescent,  luminous  in  the  dark. 
Pitch-stone,  a  hard  brittle  siliceous  stone  resembling  pitch  in  its 

lustre  and  appearance. 
Plttmlago,  black  lead,  graphite,  composed  of  carbon  and  a 

small  quantity  of  iron. 
Porphyry,  seep.  Up. 
Pot-stone,  a  variety  of  serpentine  from  which  vessels  are 

formed. 
Primitive  lime-stone,  crystalline  marble,  p.  72. 
Pumice,  see  p.  330. 
Puzzolana,  see  p.  335, 
Pyrites,  combinations  of  metals  with  sulphor,  which   have  a 

metallic  lustre. 

Quartz,  see  p.  36. 

(^artz.  principal  varieties  of: 

Colourless  and  Crystallized        Rock  crystal 
Purple  do.        —        —  AmethysC 

Blue 
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Bhie  qtiartas      -^ 

— 

Fals»  Sapphire 

Green  do.         — 

— 

Prase 

Yellow  do.       — 

— 

False  topaz 

Red  do. 

iRose  quartos 
C  Milk  quartz 

Chatoyant  —   — 

— 

OBt*a.«ye 

Smoke  quartz  — 

— 

Caimgomm  stone 

Rainbow  qcartz 

— 

Avanturine 

Translucent  amorphous 

Milky  white     — 

— 

Chalcedony 

Various     —    — 

— 

Agate 

Ditto        —    — 

— 

Camelian 

With  parallel  layers  of  dif- 

f Onyx 
^  Sardonyx 

ferent  colours 

— 

Green  and  red  — 

— 

Hdiotrope 

Apple  green     — 

— 

Chrytoprase 

Opalescent       — 

— ■ 

Opal 

Imperfectly  opideacent — 

Semiopal 

Opalescent  in  water 

— 

Hydropban^ 

Varicuf     —  — 

— 

Flint 

Opaque 

• 

Red 

— 

SiiMple 

Gray         —    — 

— 

Chert. 

Quarixote,  priocipelly  composed  of  quartz. 


Reddle,  red  iron  ochre. 

Bmtform,  kidney-shaped. 

Rider,  a  stony  mass  dividing  a  metallic  vein. 

Rock  crystal,  crystallized  sUex. 

Ree^hne,  oolite,  calcareous  stone  with  gtobules  imbedded, 

supposed  to  resemble  the  roes  of  fishes. 
Ruby,  a  precious  stone  composed  principally  of  crystallized 

clay- 


Sandys  tone,  red  sand-stone^  see  p.  62. 
Sapphire,  see  note  p.  34. 


SatttH 
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Sattin  spar,  fibrous  carbonate  of  lime,  wUch  ia  wbilbgwai  baa 
a  pearly  lustre. 

Schiller  spar,  crystallized  serpentine. 

Scliorl,  a  velvet-black  mineral  crystallized  in  long  aknder 
prisms  aggregated  or  disseminated  b  rocks.  Tte  tocmna- 
line  is  a  species  of  schorl ;  it  becomes  eledric  by  heat. 

Scopiform,  diverging  like  the  sticks  of  an  open  fioK 

SecHle,  that  may  be  cat  withont  breaking,  bat  not  nudleabte. 

Selenite,  crystallized  gypsom. 

Serpentine,  see  p.  gO. 

Skqfi,  (prov.)  the  well  or  entrance  into  a  mine* 

Shale,  slaty  argillaceous  stone. 

Sieniie,  seep.  117. 

Siiex,  see  p.  33. 

Smaragdiie,  a  greenish  mineral  nearly  allied  to  ■ypftH'ng^  by 
some  mineralogists  called  dlallage. 

Spar  or  Spaih,  a  name  for  crystallized  minenda* 

Spathose  or  Sparry,  composed  of  inegular  cryalalllne  ports. 

Specular,  having  a  polished  surftK:e. 

Stalactiies,   calcareous  depoaitiona  fbrmed  OA  tbo  rooA  of 
caverns,  &c* 

Stalagmites,  calcareous  depositions  fbrmed  on  the  floors  ot 
caverns. 

Sieatiie  or  Soap  roek,  a  soapy-feeling  stone,  composed  ot 
magnesia,  silex,  and  clay^ 

Stratum,  see  p.  29. 

Sirontian,  a  peculiar  earth,  first  found  at  StroPtSan  in  Soot- 
land. 

Suhcrystalline,  imperfisctly  crystallized. 

Swine'Stone,  a  peculiar  lime-stone  which  yields  a  ftetid  smell 
when  broken. 

Tabular,  of  an  equal  thickness,  but  long  and  broad  oompaied 

with  the  depth. 
Talc,  see  p.  40. 

Talmts 
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Takous  ilate,  slate  ocmtaiDiog  talc 

Testaceous^  in  curved  layers. 

Topaz,  a  precious  stone  composed  of  silex>  clay,  iron,  and 

fluoric  acid. 
T^ptn-^roek,  a  granitic  rock  containing  oystals  of  topaz. 
ToimiMiiMf ,  see  SckorL 
Trantiiion  roekt,  tee  chap.  V* 
Translmeemif  admitting  the  transmission  of  light. 
Transparent,  through  which  the  forms  of  objects  can  be  seen. 
Trap,  seep.  118. 
JVapezoidal,  having  six  unequal  faces,  each  terminated  by  four 

unequal  lines. 
Tubular^  cylindrical  and  hollow. 

Feins,  metallic,  seep.  274. 

yeswnan,  a  peculiar  mineral  found  in  the  rocks  near  Vesuvius. 
Unciuousj   having  a  soapy  feel ;  a  quality  peculiar  to  some 
minerals  generally  containing  magnesia. 

Wiobcke,  an  earthy  kind  of  basalt.  It  is  necessary  to  observe 
that  this  is  a  different  mineral  from  the  griy  wacke. 

jyhim^ionf,  a  name  used  in  the  north  port  uf  England  and 
in  Scotland,  for  Basalt  and  Green  stone  :  but  any  hard 
dark-coloured  stone  is  also  frequently  called  Whin-stone 
by  the  miners. 

ZwRtt,  a  mineral  found  in  basaltic  rocks,  which  intnroesres 
when  heated,  and  is  converted   into  a  iflly  by  .solutiuu 
in  acids :  the  colour  is  generally  white,  and  ttic  liiSire 
pearly. 
Fnncipal  varieties  of  Zeolite,  with  the  names  given  by  Haiij* 
Radiated         —  —    Me?>otype 

Foliated  and  nacry         —    Stilbite 
Mealy     —     —  —    Launionlte 

^Analei>ne 
Cubic     —    -       _     ^cbabasie. 

ZireoH, 
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Zhrcon,  a  peculiar  earth;  a!ao  a  precious  stone  principally 
composed  of  this  earth. 


Those  who  are  desirous  of  inspccllDg  tlie  rare  productions 
of  the  mioeral  kingdom  may  liave  the  oppprtttaily  of  seeing 
the  very  valqable  aod  well^aminged  ooUect^at  the  Bf ici^h 
.M<HMiun*^A  great  variety  of  mioe^s  fropi.  differoDt  parU  of 
the  world  are  kept  for  sale  bv  Messrs.  Brown  and  Mawe^  140 
Strand,  London. 


.) ' 


Prinlcd  /•»/  Hichnrit  and  Arthur  Taylor^  Shot-Loait^  Londmi, 


